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This curious array of rods, balls and cyl- 
inders is going to be one of the prin- 
cipal features of the General Electric 
Co.'s exhibit at the New York World's 
Fair this summer. Its performance in 
Steinmetz Hall, where it is to be in- 
stalled, will thrill many thousands of 
visitors who never have had an oppor- 
tunity to see equipment of this kind in 
action before. 


High Potential Tinkertoys 


S CIENCE gives rise to some strange looking gadgets. Here, for example, is one which 
resembles an overgrown Tinkertoy or a pawnbroker's nightmare, at best, something 
that originated in the brain of a Hollywood movie director in a moment of exotic abandon, 
whatever that is. Yet, we can assure you, it is none of these; actually, it is something 
very scientific. If you want to give it a fanciful name you might call it a potential step 


ladder or a step ladder for volts because, confidentially, that is what it is. 

When Ben Franklin overstepped the bounds of colonial discretion (he was a lucky 
dog) and flew his kite in a thunder storm, he, probably, never dreamed that his action 
would, some day, lead to this outlandish array pg rods and balls. Perhaps Ben should not 
be held accountable because, after all, he was only trying to establish a common relation- 
ship between lightning and electricity, and this he accomplished very well. 

Ever since that time, however, men have been interested in the phenomenon of light- 
ning and in recent years certain groups have actually succeeded in producing bolts of 
artificial lightning in the laboratory. 

Foremost in this field is the group of engineers working in the lightning research 
laboratory of the General Electric Co. at Pittsfield, Mass. Gradually they have pushed 
the voltages higher; 2,400,000 in 1927; 3,600,000 in 1928; 5,000,000 in 1929 and finally 
10,000,000 volts! 

And that's what this is—a 10,000,000 volt lightning generator, the one to be installed 
in the General Electric: exhibit at the New York World's Fair. This generator, a replica 
of those at Pittsfield in action only, bears little resemblance to its famous predecessors. 
It has been completely modernized and spectators at the Fair will be treated to one of 
the most unusual sights to be offered at the great exposition when its discharge crashes 
across the gap. The discharge jumps 30 ft., but that is probably less than the distance 
unsuspecting spectators will jump when the unit goes into action. 
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Energy Resources and National Policy 


ON JANUARY 28 the National Resources Com- 
mittee submitted to President Roosevelt a report under 
the heading ‘‘ Energy Resources and National Policy’’. 
This title parallels so closely the theme of the January 
1939 issue of Power PLANT ENGINEERING that the 
policies which the Committee recommends to the Presi- 
dent demand editorial comment particularly in view 
of the fact that certain policies dealing with a phase of 
the problem were suggested in the pages of this maga- 
zine. Inasmuch as the report of the Committee was 
released for publication at a date too late to be pre- 
sented in this March issue, item by item comparison 
is impossible at this time. 

Obviously, as the Committee reports, the fields of 
remedy with respect to conservation of energy resources 
lie ‘£(1) in promoting greater efficiency in the produc- 
tion of the fuel resources from the standpoint of re- 
covery; (2) in promoting greater economy in the use 
of fuels; and (3) in placing a larger share of the 
energy burden on lower grade fuels and water power.’’ 
All three of the fields represent problems in engineer- 
ing, the second and third being almost completely in 
the power generating field. And what are the recom- 
mendations? Briefly stated without supporting data, 
here are some that are typical: 

Oil and Gas—‘‘ We propose that a Federal oil con- 
servation board or commission should be created within 
the appropriate Government department to administer 
the Federal interest in the oil and gas industry and 
to make necessary rules and regulations concerning the 
production of and commerce in oil and gas.”’ 

Coal—‘‘Some form of Federal regulation of bitum- 
inous coal is clearly necessary. .. . Some means are 
required for effectively balancing production against 
requirements, whether by control of prices, by control 
of distribution, or by both.’’ 

Water Power—‘‘Federal policy should, in general, 
embrace eventual merging of private water-power 
plants into the system covered by any basin plan.’’ 

Stimulation and support of both fundamental and 
applied research by the Federal Government was urged, 
also the organization of an advisory planning group was 
recommended, 

Concluding paragraphs of the report contained the 
following significant statements: ‘‘It is difficult in the 
long run, therefore, to envisage a national coal policy 
or a national petroleum policy or a national water- 
power policy without also in time a national policy 
directed toward all these energy producers—that is, a 
national energy resources policy. Such a broader and 
integrated policy toward the problems of coal, petro- 
leum, natural gas, and water power cannot be evolved 
overnight, for each of those problems is amazingly 
complex and in combination they represent more than 
a simple sum of problems. 
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‘‘Despite the complexity of those problems, in the 
national interest we shall have to move in the direction 
of solutions. It is well to remember that the present 
and proposed regulatory measures which we have dis- 
cussed are designed to promote the development of the 
energy resources industries along lines that will be con- 
sistent with the broad national interest. The problems 
of conservation which dictate these measures are not 
the result of passing emergencies. Rather, they are 
continuing problems, and if they cannot be solved by 
the regulatory approach then we may anticipate with 
some confidence that there will emerge an insistent and 
eventually irresistible demand for public ownership and 
eontrol.’’ 

The complete report presents incontrovertible data 
supplied by various departments of the Government 
indicating the present energy resources, the problems 
of conservation and the status of the fuel industries. 
The volume is informative and few will question the 
need for a national policy tending to conserve our 
energy resources. Some of the recommendations, how- 
ever, will meet with determined opposition not only 
in the passing of legislation but in the enforcement of 
laws, and it is extremely doubtful that laws based en- 
tirely upon altruistic principles will succeed in bringing 
about the results the committee desires they should 
accomplish. 

Regulatory laws, to be successfully enforceable, must 
have the support of the vast majority of the people. 
They must be ‘‘sold’’ to the industries they regulate 
as the most desirable course to be followed. Industries 
will not thrive in a free country under regulation that 
does not offer reasonable amounts of personal gains to 
those we are regulating, be they capitalists, managers 
or laborers. 

The report fails to give adequate consideration to 
two very important factors: conservation accomplished 
by a high consumer price level, and the profits derived 
from education in the efficient use of energy resources. 
Both of these have had great influence in reducing fuel 
requirements in power plants and should not be over- 
looked. 

It is the thought of many that the answer to many 
of the conservation problem lies with the fuel consum- 
ing public through voluntary conformity to suggested 
economical practices rather than compelling laws. 
Public ownership of energy resources may prevent 
waste in recovery from the earth, but there is no evi- 
dence that publicly owned power plants excel in the 
efficient use of fuel. 

Time is ripe for the entire engineering profession 
to crystallize its thoughts and desires on this subject 
of public policies and to work for legislation that will 
accomplish, in the most agreeable manner, the three 
purposes cited by the Committee. Coordinated work” 
along this line may be done through the professional 
societies and the American Engineering Council. 
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OR SEVERAL YEARS prior to 1935, the fact 
was readily apparent that Hammermill Paper 
Company would soon require additional 
steam and power generating capacity as well 


as replacement of some of the existing boilers.” 


At that time steam was furnished at 150 lb. pressure 
from a house consisting of two Babcock & Wilcox 
long drum boilers totaling 840 boiler horsepower and 
three Erie City vertical boilers aggregating 2366 
boiler horsepower. The B. & W. boilers were of cast 
iron header construction and dated back to 1907 and 
1908. They were equipped with an economizer. The 
Erie City boilers were installed in 1909, 11 and 13 
and were also served by an economizer. All boilers 
were fired by traveling grates. The B. & W. boilers 
were used chiefly for winter loads: This house was 


located in the manufacturing center of the plant 


where space was at a premium. 
A second boiler house and power generating sta- 
tion had been built in 1917 onthe shore of Lake Erie 


and only a short distance from the manufacturing 


plant proper. This plant consisted of four long drum 
B. & W. boilers of 509 hp. each operated at 250 lb. 
pressure which supplied steam for three 2000 kw. 
condensing turbine generators. Excess steam above 
electrical energy requirements was carried to the 
plant distribution system and reduced to 150 Ib. These 
boilers were fired by natural draft chain grate stokers. 
In this location expansion was readily possible there 
being space on three sides for additional boilers and 
space within the existing turbine room for a fourth 
unit. 

In anticipation of necessary replacements and ex- 
pansion a very comprehensive study had been made in 
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Meeting The 
At 


Fig. 1. Hammermill's Twin 
Stacks. Coal enters the 
building at grade level 


1932. At that time it was felt that the necessarily 
large investment was unwarranted particularly in 
view of another factor which had made itself felt, 
namely, that of fuel. The standard fuel had been 
¥4 in. Pittsburgh district slack. Increasing plant de- 
mands made it difficult to carry loads and maintain 
efficiencies and recourse was had to sized coal in the 
150 lb. house. We were able to improve both generat- 
ing capacity and efficiencies very materially with the 
use of this fuel and conditions were relieved for a 
time. The ‘‘stoker’’ coal was not satisfactory in the 
generating station as it elevated the steam tempera- 
tures to where trouble was encountered in the tur- 
bines. The capacity increases were smaller and did 
not warrant necessary changes to permit the use of 
prepared coal. 

Shortly after changing fuel, a drastic change was 
made in the method of cooking pulp. This change 
materially reduced the steam consumption per ton 
of pulp but at the same time greatly increased the 
eapacity of the cooking equipment so the net result 
as far as steam demand was concerned, was no boon 
to the boiler house. Continual increases in production 
of both pulp and paper mill, and rapidly rising main- 
tenance costs in the boiler house again brought the 
issue to a head. 

In the winter of 1934-35 Stone & Webster Engi- 
neering Corp. was called in to make a survey of the 
plant, to formulate a broad general power plant ex- 
pansion program for the future, and to specifically 
recommend what immediate step should be taken. 

_A vast amount of detailed data was available as 
the entire plant steam distribution system had been 
metered for several years and complete records care- 
fully kept. These data when correlated with depart- 
mental production records made it possible to accu- 
rately predict the future steam requirements based 
on an expected pulp and paper future production. 

Electrical power demand was handled in similar 
manner. Although the departmental metering pro- 
gram in this field was not so far advanced as in the 
case of the steam distribution system, it was still pos- 
sible to segregate the major consuming processes and 
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Power Requirements 
Hammermill Paper Co. 


By R. T. STERNBERG 


Superintendent of Power 
Hammermill Paper Co., Erie, Pa. 


determine their requirements. This permitted predic- 
tion of future power requirements. 

It was agreed that the two oldest boilers should 
be scrapped. Disposition of the balance of the equip- 
ment would be determined by the economies of equip- 
ment necessary to replace it. 

The requirements being determined and the prob- 
lem stated, it was thus possible to set up several ten- 
tative plans and determine both capital and operating 
costs. Consideration was given to expansion of the 
steam plant at 150 lb. pressure and the generating 
plant on the condensing cycle, as well as to the installa- 
tion of a by product power plant topping the plant 
steam distribution system. A very fortunate steam 
and power balance made it possible to top the dis- 
tribution system with a pressure comfortably in the 
industrial plant range even in consideration of the 
fact that the steam consumption curve showed a 
history of decreasing consumption per ton of product, 
whereas the curve of power consumption exhibited 


Fig. 2. The New Turbine. This unit 
is designed to operate with steam at 
initial conditions of 650 Ib. per sq. in. 
and 750 deg. total temperature. It 
exhausts at a back pressure of 150 Ib. 
per sq. in. and 450 deg. total tem- 
perature. The generator is a 5000 kw., 
87.5 per cent power. factor unit with 
a closed air cooling system 
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just the opposite characteristics. Consideration was 
also given in determining the topping pressure, to the 
strong possibility of replacing a 1500 hp. condensing 
steam engine with electric drive within a very few 
years. Incidently, this replacement is now in process 
of construction. 

The economics of the various plans coupled with 
the strong feeling that the centrally located space 
would soon be required for manufacturing purposes 
led to the decision to install a topping plant with the 
boiler house, immediately adjacent to the 250 lb. plant 
and the turbine in the space then existing in the 
generating station. This layout permitted use of the 
existing coal bunker as well as many other features 
in connection with the old station and reduced the 
amount of new building space to a minimum. Par- 
tially offsetting these savings—an 18-in. steam line 
was necessary to conduct the steam from the exhaust 
of the back pressure turbine to a strategic point in the 
plant distribution system. It was also necessary to 





Fig. 3. Combustion control and instrument panels 


install a new feedwater line from the main feed treat- 
ment plant to the new system. 

The boiler plant addition decided on for imme- 
diate installation was the first half of what was con- 
sidered to be ultimately required. It consisted of two 
B. & W. integral-furnace boilers with a design pres- 
sure of 725 lb. per sq. in. each designed to supply 
§0,000 lb. steam per hr. (continuous maximum) at 
a total temperature of 775 deg. F. Each boiler is fired 
by two B. & W. type B pulverizers, size 129. Each pul- 
verizer is designed to be of sufficient size to carry the 
boiler at three-fourths of its nominal rating. 

Each boiler is equipped with a Ljungstrom air 


heater and forced and induced draft fan with inlet , 


vane control. The two fans for each unit are mounted 
on a common shaft driven by a single two speed motor. 
Full automatic combustion control was installed. 
Each boiler is equipped with a closed high pressure 
feedwater heater using steam from the exhaust of the 
main turbine. These heaters are designed for use 
chiefly in the summer months when the plant steam 
demand on oceasion falls below full throttle flow of 
the main turbine. 


niet : at 


Fig. 4. Fan and Drive. Note control apparatus and inlet vanes on 
forced draft fans 


166 


Coal cars are run into the house on grade (the 
boiler house being located in a depression on the bank 
of Lake Erie) and the coal dropped through a bar 
screen into the main bunker. From the bunker each 
pulverizer is fed through spouting by automatically 
controlled intermittent spout feeder to a continuously 
operating crusher. From here it passes to a weighing 
scale and from these to the spout above the pulverizer 
table feeder. Two automatic devices are of note in 
this connection, as they are of local invention and 
have proved very satisfactory. One is located under- 
neath the crusher and controls the spout feeder, stop- 
ping it when the coal above the weigh scale has built 
up to a point that further accumulation would clog the 
crusher, and starting it when the coal level has dropped 
to a predetermined point above the weigh scale. The 
other device is located below the weigh scale and 
above the pulverizer feeder table. It controls a warn- 
ing light—normally out—but lighted when the level 
of the fuel above the pulverizer feeder has dropped to 
a predetermined level for any reason. 


The pulverized coal burners are the B. & W. cireu- 
lar forced-draft type, and are equipped with oil 
torches for lighting off. 


The original feedwater treatment system was 
an intermittent hot lime soda process. All con- 
densate returns both clean and oily were gathered in 
a tank the level of which, combined with the demand, 
determined the amount of make-up. This necessi- 
tated frequent variation in treatment as the percent- 
age of make-up varied. This system was satisfactory 
for the service up to this time, but was considered 
entirely inadequate in connection with the new in- 
stallation. Dr. Sheppard T. Powell was: retained to 
consult with Stone & Webster and‘ourselves on the 
question of feedwater treatment. It was decided to 
use the lime soda treatment plant to treat raw make- 
up exclusively. Water from this plant was supplied as 
100 per cent feed to the lower pressure plants and to a 
new continuous primary phosphate treatment plant 
at the site of the new boiler house, where it repre- 
sented make-up to the two 80,000 lb. boilers. The 
condensate returns were segregated from the original 
system and separately handled. Oily returns are first 
passed through an oil separator of our own design 
and after treatment with soda ash and iron sulphate 
passed to a sedimentation tank. From here the con- 
densate is skimmed off and filtered through gravity 
type anthracite and magnetite filters into a controlled 
level tank. From here it is pumped to the condensate 
storage compartment of the primary phosphate treat- 
ment tank, where it gets first call as feed for the two 
high pressure boilers. The quantity of condensate 
available automatically determines the amount of 
treated make-up required from three pressure type 
anthracite and magnetite filters, deaerator and stor- 
age tank which follow the phosphate sedimentation 
tank. 


Three boiler feed pumps are installed, one motor 
driven and two driven by 150 lb. pressure turbines 


exhausting to the softener. Any two pumps are 
capable of carrying the load. On its way to the 
pumps, the feedwater, now a mixture of condensate 
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Principal Equipment, Extension, Hammermill Paper Company 


Company—Hammermill Paper Co. 

Location—Erie, Pennsylvania. 

Business—Pulp and Paper Manufacture. 

Consulting Engineers and Constructors—Stone & Webster En- 
gineering Corp. 

Boiler Feedwater—Dr. Sheppard T. Powell. 

Building and Equipment Foundations—H. Platt Construction 


Co. 
BOILERS AND AUXILIARIES 


Boilers—Two, Babcock & Wilcox Co.; integral furnace type, 
maximum capacity 80,000 Ib. per hour each continuous; 
design pressure, 725 Ib.; total temperature, 775 deg. F. 

Superheaters—Babcock & Wilcox Co. 

Water Columns— Diamond Power Specialty Co. 

Soot Blowers—Diamond Power Specialty Co. 

Boiler Brickwork—Geo, W. Allen Sons. 

Breeching—Connery Construction Co. 

Air Preheaters—One per boiler Ljungstrom regenerative hori- 
zontal type. 

Stack—One radial brick, 250 ft. high M. W. Kellogg Co. 


COMBUSTION EQUIPMENT 


Burners—Four per boiler, Babeock & Wilcox Co. 
Pulverized Coal Valves—Four per boiler, Babcock & Wilcox Co. 
Coal ce pape per boiler, Babcock & Wilcox Co., 


Debvat iw per boiler, motor, General Electric Co. 

Forced and Induced Draft Fans—One unit per boiler, consisting 
of one forced and one induced draft fan both with vane 
control mounted on common shaft supported on two bear- 
ings, B. F. Sturtevant Co. 

Fan Drives—One per boiler, two speed motor, Burke Electric 


0. 
Combustion Control—Full automatic control pneumatic opera- 
tion, Bailey Meter Co. 


ASH HANDLING SYSTEM 
Conveyor, Tank—Automatic Control Equipment—United Con- 


— COAL HANDLING 


Spouting and Feeders—Stephens-Adamson Mfg. Co. 

Coal Crushers and Tramp Iron Separators—Two per boiler, 
Pennsylvania Crusher Co. 

Automatic Coal Scales—Two per boiler, Richardson Scale Co. 


FEEDWATER SYSTEM 


ar - Service Pumps—Three, Worthington Pump & eer 

orp. 

Drives—Three, 3600 r.p.m. Allis-Chalmers Mfg. Co. 

Booster Pumps—Two, Worthington Pump & Machinery Corp. 

Drives—Two motor, General Electric Co. 

Sedimentation Tank—Cochrane Corp. 

Pressure Filters—Three, Cochrane Corp., anthracite and mag- 
netite. 

Chemical Tanks and Proportioners—Cochrane Corp. 

Feed Heater and Spray Type Deaerator—Cochrane Corp. 

High Pressure Phosphate Pumps—Two, The Deming Co. 

Sulphite Feeding Equipment—Cochrane Corp. 


Boiler Feed Pumps—Three Worthington Pump & Machinery 
Corp., six stage type UX centrifugal 3600 r.p.m. 

Drives—Two, Elliott Co. steam turbines, 150 Ib. pres.; one 
motor, General Electric Co. 

Feedwater Regulators and Excess Pressure Valves—One each 
per boiler, Northern Equipment Co. 

Closed Feed Heaters—One per boiler, 150 Ib. steam pressure, 
American Locomotive Co. 

Oily Condensate Chemical Pumping, Feeding and Proportioning 
Equipment—Cochrane Corp. 

Grease Extractor—Hammermill Paper Co. design, Erie Steel 
Construction Company. 

Condensate Level Control—Bailey Meter Co. 

Continuous Blowoff. Heat Exchanger—Cochrane Corp. 

Continuous Blowoff. Flash Tank Level Control—The Swart- 
wout Co. 

TURBINE GENERATOR AND AUXILIARIES 

Turbine Generator and Exciter—One 4000-kw. at 70 per cent 
P.F, 3600 r.p.m.; throttle conditions 650 lb. pressure, 750 
deg. total temp.; exhaust, 150 lb., General Electric Co. 

Generator Air Cooler—General Electric Co. 

Oil Separator—The Sharples Specialty Co. 

Generator Oil Circuit Breakers—General Electric Co. 


MISCELLANEOUS 
Station Service Switchgear—General Electric Co. 
Station Service Transformers—Allis-Chalmers Mfg. Co. 
Piping—Daugherty Co., Inc. 
Pipe Covering and General Insulation—Ehret Magnesia Mfg. 
Co. 


Desuperheater—Blaw-Knox Co. 
Desuperheater Control—Bailey Meter Co. 
“Apexior” Boiler Coating—Dampney Co. of America. 


VALVES 
Boiler and Superheater Safety— Consolidated Ashcroft 
Hancock Co. 
Boiler Stop Check—The Edward Valve & Mfg. Co., Inc. 
Boiler Feed Check—The Edward Valve & Mfg. Co., Inc. 
Boiler Blowoff—Yarnall-Waring Co. 
High Pressure Steam Gate—Chapman Valve Mfg. Co. 
High Pressure Steam Globe—The Edward Valve & Mfg. Co., 
Chapman Valve Mfg. Co. 
High Pressure Reducing Valves and Controls—Bailey Meter Co. 
Turbine Exhaust Safety—Consolidated Ashcroft Hancock Co. 
Atmospheric Relief—Atwood & Morrill Co. 


INSTRUMENTS 


Boiler Meters—Bailey Meter Co. 

Steam Flow Meters—Bailey Meter Co. 

Draft Gages—The Hays Corporation. 

Recording Thermometers—Bailey Meter Co.; Brown Instru- 
ment Co. 

Boiler Water Level Recorders—The Foxboro Company, Inc. 

Feed Water Surge Tank Level Recorders—The Foxboro Com- 

pany, Ine. 

Indicating Thermometers—Taylor Instrument Cos. 

Indicating Pressure Gages—Consolidated Ashcroft Hancock Co. 

Water Flow Meters—Bailey Meter Co. 

Coal Pulverizer Level Cantrole-Beailes Meter Co. 





and treated make-up is treated with sodium sulphite 
as a precautionary measure. (The boilers are apexio- 
rized.) In addition to the primary phosphate treat- 
ment, supplementary phosphate is injected directly 
into the boilers. Hand control of a continuous blow 
down heat recovery system maintains the concentra- 
tion at the proper point. 

The turbine is designed to operate with steam at 
initial conditions of 650 lb. and 750 deg. total tem- 
perature. It exhausts at a back pressure of 150 lb. and 
450 deg. temperature. The exhaust conditions were 
determined by the plant distribution system and 
services on it. The generator is 5000 kw. capacity at 
87.5 per cent factor and is equipped with a closed air 
cooling system. The unit is equipped with a governor 
designed to permit its operation in partial compound 
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with one of the existing condensing machines operat- 
ing with 150 lb. throttle pressure when the plant steam 
demand on the turbine exhaust is incapable of generat- 
ing the plant power demand in passing through the 
high pressure turbine only. The summer. season 
creates this situation. This method of operation 
remains to be tried out, as some further piping changes 
are still to be made. So far the unit has been operated 
speed governed and the back pressure controlled by 
steam passing through a reducing station and desuper- 
heater. These items are installed in sufficient size to 
eare for the entire output of the two boilers in case 
of turbine outage. 

The exhaust of the turbine or output of the de- 
superheater is carried to the plant system as pre- 
viously mentioned by an 18 in. steam line. This line 
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Fig. 5. Exterior View of the boiler house addition 


was installed in that size in anticipation of future 


developments to carry twice its present quantity. . 
The contract as engineers and constructors for this 

plant was let to Stone & Webster early in January; 

1936, and the first commercial steam delivered to the 


mill on Sept. 16, 1936. The numerous tie-ins 
and connections necessary were made without a single 
interruption in service, a record all the more notable, 
as our own electrical construction forces were simul- 
taneously installing an entire new switchroom and 
bus structure and the plant operating crews were 
entirely ‘‘green’’ on handling both high pressure 
equipment and pulverized coal. 

Operation of the plant soon developed difficulties 
in connection with the boiler furnaces which were 
designed to burn coal of an ash fusion temperature of 
2150 deg. as dry bottom jobs. Considerable slagging 
was encountered, making the ash difficult to handle 
and causing relatively rapid erosion of the refractory 
rear wall behind and between the cooling tubes, which 
were spaced on 1034-in. centers. To correct this con- 
dition it was necessary to redesign the rear wall. A 
Bailey wall having smooth blocks was installed in one 
unit and equipped wth retractable soot blowers. The 
second unit was equipped with a bare tube wall with 
1%-in. clearance between tubes. This wall was also 
equipped with retractable blowers in spaces provided 
by columns of cast iron block covering wider tube 
spacing at the desired points. Each boiler was also 
equipped with a retractable blower in the side wall 
and one in the furnace roof. Both types of con- 
struction have worked out satisfactorily and mini- 
mized the earlier difficulties. 
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Several floor tubes in the furnace of one unit failed 
in service due to formation of steam pockets on the 
tops of the tubes. Complete new floors were installed 
in both units and the new tubes fitted with cores, 
which from observation to date have corrected the 
difficulty. 

The original high pressure supplementary phos- 
phate pumps failed and were replaced by the manu- 
facturers with others of much better design. The 
replacenients have given no trouble since their in- 
stallation. 


The high pressure reducing valves failed in interior 
detail after approximately a year’s operation. Re- 
placement of the affected parts was made in less than 
two days and to date the replacement seems to have 
corrected the difficulty. 


Some difficulty has been experienced with seizing 
in two of the boiler feed pumps from undetermined 
causes. Several theories have been advanced and 
changes in design made accordingly which as yet have 
scarcely had time to either prove or disprove the 
theories. 


One shutdown was experienced in the winter of 
1937-38 caused possibly by regulation of frozen coal 
in the spouts after passing the bar grate over the 
main bunker. The pulp and paper mill was not in 
production at the time which permitted the outage of 
one boiler unit to cause the interruption (it being the 
only unit in service). Steps are being taken to house 
the open end of the coal shed to permit thawing of 
such cars as may be frozen in winter. 

The operating results of the feedwater treating 
plant have been highly satisfactory. For the earlier 
months of operation it was necessary to run on a 100 
per cent make-up basis, with the softener operated 
as a continuous lime soda unit and all phosphate fed 
directly to the boiler drums. At present the plant is 
operating as designed. At no time has there been any 
scale in the boiler, nor has it been necessary to use a 
turbine cleaner in them. As it seems at present, 
operation in summer, when condensate returns are at 
a minimum, will require opening of the boilers about 
every 60 working days for washing out the soft sludge 
that accumulates. During the winter, with a greater 
proportion of condensate in the feed, this will very 
likely be extended to 90 days and possibly longer. 

The turbine was opened for inspection at the ex- 
piration of a year’s service and found to be very clean 
and in generally good condition. The freedom of the 
interior of the turbine from any incrustation indicates 
the excellent steam conditions experienced. Boiler 
steam drums of larger diameter than standard were 
specified as well as oversize steam scrubbers. Control 
of water level has been satisfactory and free from 
difficulty. The performance of the feedwater treat- 
ment plant, previously noted together with the items 
already mentioned, have combined to produce steam 
of such quality that no difficulties due to solid content 
have been encountered. 

Each manufacturer has stood fully behind his 
equipment and since the various difficulties have been 
ironed out, the plant, as a Whole, has performed in a 
very satisfactory manner. 


POWER PLANT ENGINEERING 





Fig. |. Two stage compressor with the solenoid 
operated three way valves mounted on the in- 
tercooler and indicated by the white circle.* 
These valves, actuated electrically by con- 
tactors on the pressure responsive el t 
shown in Fig. 2, control the air pressure used 
for opening the suction valves or clearance 
pockets in accordance with load. The pressure 
responsive element may be mounted at any 
convenient point. A panel arrangement with 
two governors is shown by Fig. 3 





Multiple Compressor 


Control 


New electro-pneumatic capacity control governor for constant 
speed compressors may be mounted remotely from the compres- 
sor and arranged to control one or a group of machines. Inter- 
lock, repositioning and plug-in features protect against voltage 


dips, give close pressure regulation and increased flexibility. 


By E. M. PAULLIN 


Assistant Manager, Compressor Division 
Worthington Pump & Mach. Corp. 
Buffalo, N. Y. 


OTOR DRIVEN COMPRESSORS of the medium 

and larger sizes are usually synchronous motor 
driven and run at a constant speed. In order to hold 
a uniform receiver pressure, however, it is necessary 
to vary the output of the compressor in proportion to 
the demand for air or gas on the system, and, since the 
speed of the unit cannot be varied the pumping rate of 
the compressor must be changed by unloading certain 
portions. It is common practice to use four equal un- 
loading increments, thus permitting the compressor to 
operate at 100, 75, 50, 25, or 0 per cent capacity. This 
is usually spoken of as a five step control. 

Actual unloading may be accomplished in different 
ways such as by: opening clearance pockets in the com- 
pressor cylinders; by holding open the suction valves 
so that the air or gas is drawn in and out of the cylin- 
der without being compressed ; or, by a combination of 
clearance pocket and suction valve unloading. The 
clearance pocket valves and the suction valve unloading 
elements are operated pneumatically and it becomes 
the function of the governor to admit or exhaust pres- 
sure from these elements in response to pressure changes 
in the system. 
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For this service the governor itself is a pressure, 
not speed, sensitive instrument. A number of different 
designs have been used in the past but the Worthington 
Class 50 governor is a comparatively recent develop- 
ment which offers numerous advantages over past prac- 
tice. In its entirety it consists of a group of solenoid 
operated three way valves and a pressure sensitive gov- 
ernor instrument. The solenoid valves are mounted in 
any convenient location on the compressor, as for in- 
stance on the intercooler as shown by Fig. 1. These 
valves are actuated electrically by contactors from the 
pressure sensitive instrument and are energized or de- 
energized in definite sequence as the instrument re- 
sponds to changes in the pressure system. They control 
the air pressure used to operate the unloading elements 

*The duplex compressor five step control described in the 
text uses four solenoids which unload the machine by holding 
the suction valves open. Note that the two stage machine above 
has only three solenoids for a five step control. Low and high 
pressure cylinders are unloaded in parallel. Provision is made 
to hold the suction valves in each end of each cylinder open and 
in addition the crank end of each cylinder is provided with a 
clearance pocket. Opening the clearance pocket gives 75 per cent 
capacity while holding open the suction valves in the same end 
reduces the capacity to 50 per cent. For 25 per cent suction 
valves in the end opposite the clearance pockets are opened and 
the suction valves on the same end as the clearance pocket are 


closed with the clearance pocket itself left open. Opening the 
suction valve at the clearance pocket end then gives 0 capacity. 
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in the compressor cylinders as explained later and are 
arranged so that, when the contactors are open and the 
solenoids deenergized, the compressor is unloaded. 

The governor instrument shown by Fig. 2 may be 
mounted at any convenient location near to or remote 
from the compressor and the design permits flush 
mounting directly on a panel either alone or with a 
group of gages and controllers. The system pressure is 
piped to the pressure sensitive diaphragm incorporated 
in the instrument. One panel arrangement is shown 
by Fig. 3, while Fig. 2 is a close up of the governor 
instrument with the cover opened. 

Here one may observe the cam operated contacts 
which deenergize and energize the solenoids at the 
compressor. A ratchet wheel and a pair of ratchet 
pawls provide a means of rotating the cam shaft in 
either direction. A small gear-in-head instrument mo- 
tor, which runs continuously while the instrument is 
in use, provides the motive power. Pressure changes 


on the diaphragm, transmitted through a linkage, en- 
gage one ratchet pawl when the upper pressure limit 
is reached and the other pawl at the lower pressure 
limit. Engaging one of the pawls allows the motive 
power to ratchet the cam shaft one position. The shape 
and position of the cams on this shaft will open or close 
one or more contacts in accordance with the unloading 
or loading sequence of the compressor. 

Let us consider a two cylinder double acting single 
stage compressor. We will have four cylinder ends 
doing the work of compression at full load. If the suc- 
tion valves are held open on one cylinder end, only 
three cylinder ends will be compressing and the capac- 
ity will be reduced to 75 per cent. Holding the suction 
valves open on two cylinder ends will give 50 per cent 
capacity and so on until all the suction valves are held 


170 


open. Then even though the compressor is running at 
full speed, air or gas will be drawn in and forced out 
of the compressor cylinders without compression and 
the capacity of the compressor will be 0 per cent. Four 
solenoid valves will be required for this operating cycle 
and each solenoid will be wired to a contact in the gov- 
ernor instrument. 

With the instrument in the 100 per cent load posi- 
tion all contacts will be closed and all solenoids ener- 
gized. Pressure will be exhausted from the suction 
valve unloading elements, suction valves will be func- 
tioning normally and the compressor working at full ca- 
pacity. When the pressure in the receiver reaches the 
upper limit, the governor instrument will move to the 
75 per cent position, thus opening one contact and de- 
energizing one solenoid valve. This will instantly reduce 
the pumping rate of the compressor to 75 per cent. If 
this reduction in compressor capacity does not allow 
the receiver pressure to return to normal, or, if it still 


Fig. 2. Close up of the governor 
instrument. The capacity at which 
the instrument is operating at any 
moment is indicated at a A and is 
always visible through a window in 
the cover of the case. The pressure 
sensitive diaphragm is located be- 
hind the handwheel B. This dia- 
phragm may be spring loaded by 
means of the handwheel in order 
to raise or lower the mean operat- 
ing pressure and the adjustment so 
made is indicated on scale C. The 
pressure differential between mini- 
mum and maximum pressures may 
be changed by méans of a thumb 
screw back of scale C but not vis- 
ible in the photograph. D may be 
set to limit output of the compressor 
to any desired maximum and switch 
E may be used to stop the motor 
and lock the contactors at any de- 
sired compressor capacity. When 
this is done the compressor is loaded 
and unloaded in one step by the 
pressure switch shown in Fig. 5. The 
above instrument is usually mounted 
on a panel with a pressure gage 
and plug-in box shown by Fig. 3 





continues to increase, the governor instrument will act 
again and, by opening a second contact deenergizing a 
second solenoid valve, will reduce the pumping rate to 
50 per cent. On the other hand, if the receiver pressure 
falls to the lower limit, the instrument will reverse its 
action reclosing in sequence the open contacts and re- 
energizing the solenoid valves. At zero capacity all con- 
tacts in the governor instrument are open and all 
solenoids are deenergized. 


INTERLOCKS AND REPOSITIONING FEATURES. 


It becomes a simple matter to interlock the solenoid 
valve circuits with the motor starter so that regardless 
of the position of the governor instrument all solenoids 
will be deenergized during starting and stopping pe- 
riods. With a synchronous motor starter the interlock- 
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ing is with the field circuit and with automatic field 
control the compressor will load only when the motor 
is synchronized and able to carry the load. This fea- 
ture becomes valuable in localities subject to momen- 
tary voltage dips which might stall a synchronous motor 
if the load were not instantly removed. Compressors so 
equipped will momentarily drop their load, the motors 
will resynchronize and the compressor reload without 
the attention of an operator. 

Another unique and outstanding feature of the 
Class 50 Governor is the repositioning of the pressure 
element mechanism after each governor operation. This 
means that each successive step in capacity reduction 
is made at precisely the same pressure. Having selected 
two pressures, say an upper limit of 100 lb. per sq. in. 
and a lower limit of 98 lb. and set the governor for 
these limits, the compressor will always work between 
the lower and the upper limit regardless of the per cent 
capacity at which the compressor is pumping. 


REPOSITIONING 


The repositioning feature is more easily explained 
by reference to the record chart from a pressure re- 
corder as reproduced in Fig. 4. The chart shows a 
twenty-four hour run in an industrial plant during 
which time the air capacity requirements were quite 
varied. Nevertheless, the pressure variation in the sys- 
tem was not beyond the upper and lower limits of the 
governor setting. 

With previous Worthington governors, a definite 
change in pressure was required to operate each suc- 
cessive capacity position and the compressor unloaded 
as the pressure was built up, reloaded as the pressure 
fell. With the pressure steps pyramiding, high pres- 
sure was associated with reduced capacity and a lower 
pressure with full capacity. Obviously, it was neces- 


Fig. 3. Two instruments mounted on a panel with a pressure recorder 
and plug-in receptacles. A combination of this kind with two gover- 
nors and three compressors is shown diagrammatically in Fig. 5 
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Fig. 4. Twenty-four hour chart showing the constant pressure main- 
tained by the Class 50 governor jn an industrial plant with a widely 
fluctuating air demand 


sary to adjust the governor so that its lowest pressure 
gave at least the minimum pressure requirement, so dur- 
ing periods of lighter demands the compressor was de- 
livering air against a higher pressure than was actually 
required. With the Class 50 Governor repositioning the 
pressure elements after each successive operation, the 
governor always holds the pressure between the set 
upper and lower limits, resulting in partial capacity 
operation at reduced horsepower. 

The term ‘‘multiple compressor control”’» has 
grown out of the use of one or more Class 50 Governor 
instruments mounted on a control panel with a plug- 
ging system arranged to control several compressors. 
A typical installation of a two-governor panel, designed 
to control three compressors (two new and one existing) 
is shown in Fig. 3 and schematically in Fig. 5. The 
addition of a pressure recorder provides a visible and 
permanent record of pressure. 


PLUGGING SEQUENCE 


With this arrangement the solenoid valves mounted 
on the compressors are not wired permanently to the 
contacts in the governor instrument, but are carried 
to polarized plugs which may be quickly plugged into 
sockets carrying power from the contacts in the gov- 
ernor instruments. Two sockets may be provided for 
the same governor instrument, making it possible to 
plug two compressors on the same governor. These two 
machines then load and unload in parallel as though 
they were one compressor of larger capacity. 

A separate pressure switch adjusted to open its con- 
tacts at a pressure slightly above the setting of each 
Class 50 Governor instrument may be wired to an addi- 
tional socket. When the solenoids from a compressor 
are plugged to that particular socket they will all be- 
come energized causing the compressor to operate 
fully loaded until the pressure switch setting has been 
reached. It is customary to provide one such pressure 
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Fig. 5. Schematic arrangement 
showing the plugging system with 
two governors controlling three 
compressors. Compressor C_ is 
operating "base load" and com- 
pressor A as "lead off". If all three 
compressors are operating at full 
capacity and the demand drops, 
Gov. No. | first unloads Comp. A, 
Gov. No. 2 ihen unloads Comp. B 
and if this reduction in capacity 
is not sufficient, pressure switch 
P-2 unloads Comp. C. By chang- 
ing the plugs the operating se- 
quence of the machines can be 
changed. If Comp. A_ were 
plugged into the metal socket of 














switch and individual socket with each governor instru- 
ment and arrange the wiring so that power is also re- 
moved from the governor instrument contacts when the 
pressure switch opens. This makes it possible to lock 
any compressor, plugged to an instrument, at a given 
capacity by stopping the governor instrument in that 
capacity position. The pressure switch will then com- 
pletely unload the compressor at its predetermined pres- 
sure. 

When three compressors operate in parallel on the 
same system, usually at least one of them will be re- 
quired to operate as a ‘‘base load’’ compressor. In 
other words, under normal service its full capacity is 
always required and it runs at 100 per cent load with 
variations in demand met by loading and unloading 
one or both of the other compressors. With a conven- 
tional compressor plant in which each compressor has 
its individual governor, it would be necessary to adjust 
each governor in order to obtain this operation, and 
furthermore, it would be necessary to readjust each 
governor whenever a different machine was to be se- 
lected for ‘‘base load’’ or for the ‘‘lead-off’’ machine. 

With the multiple compressor control panel such 
adjustments are made only once (unless operating con- 
ditions are altered). Governor No. 1 becomes a lead-off 
governor with governor No. 2 set to follow at a slightly 
higher pressure. On a decrease in pressure governor 
No. 2 will load first with governor No. 1 following at 
a slightly lower pressure. In other words, the pressure 
bands of the governor instruments overlap. The pres- 
sure switches are adjusted as mentioned above and 
arranged to reclose at a pressure somewhat above the 
lower pressure limit of the governor instrument with 
which it is associated. 

Let us suppose that our three compressors are num- 
bered A, B and C, as in Fig. 5, and that the operating 
schedule requires compressor A as the lead-off compres- 
sor with compressor C used as base load. This sequence 
is established as follows: place the plug from the sole- 
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Gov. No, 2, Comp. A and B would 
operate in parallel as a single 
large machine. By stopping the 
instrument in the proper position 
the compressor capacity can be 
locked at any desired capacity. In 
this case the loading and unload- 
ing is controlled by the pressure 
switch 


noids on compressor A in the socket wired to governor 
No. 1; place the plug from the solenoids on compressor 
B in the No. 2 governor socket ; place the plug from the 
solenoids on compressor C in the socket receiving power 
from the No. 2 governor pressure switch. It is unim- 
portant whether the compressors have been started be- 
fore this plugging is made, since by a simple interlock 
with the motor starter the solenoids on each compressor 
may be held deenergized until the compressor motor is 
definitely up to speed or synchronized and ready to take 
its load. This interlocking is generally referred to as 
automatic initial unloading. 

As pressure builds up in the receiver system, gov- 
ernor No. 1 will respond first, unloading compressor A 
in steps. As the pressure continues to rise, governor 
No. 2 will respond, unloading B in steps. At any point, 
should the pressure drop, the compressors will reload. 
It is assumed that the demand is sufficient to require 
the full capacity of compressor C without unloading. 
Should the demand change or be abruptly terminated, 
however, the system is fully protected, since compres- 
sors A and B will be unloaded by governors No. 1 and 
No. 2, then as the pressure builds up slightly above the 
setting of governor No. 2, its pressure switch will open, 
deenergizing the solenoids and completely unloading 
compressor C. All three compressors will now be idling 
on the line ready to pick up the load as required. 

With a decrease in pressure, the pressure switch will 
close, allowing compressor C to pick up its base load. 
Compressor B will next pick up its load and, then if 
there is sufficient demand, compressor A will also be 
reloaded. 

With the above arrangement, it is only a matter of 
seconds to change the sequence of compressors. Any 
compressor may be lead-off compressor, or any com- 
pressor may be used to carry base load. With machines 
of different capacities in a plant, it may be found 
desirable to shift base load once or twice during a nor- 
mal day’s service. 
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New 170,000 Ib. per hr. integral furnace boiler 
incorporating a unique bark burning arrangement. 
New unit designed for 900 Ib., 750 deg. F. antici- 
pates a topping turbine which will reduce the 
steam generated 25 per cent and the steam con- 
densed 60 per cent over present operation. 


Cutting Costs with Industrial Tops 


By GEORGE H. SPAULDING 


Superintendent of Power 
Kimberly-Clark Corp., Neenah, Wis. 


ECAUSE of increased process requirements it be- 

came necessary to expand both the steam and elec- 

trie generating capacity of the Kimberly (Wis.) plant 

of the Kimberly-Clark Corp. A study of the problem 

indicated that a high pressure boiler and topping tur- 

bine would supply the requirements at the lowest over- 
all cost of power. 

The old boiler equipment, with a capacity of about 
265,000 lb. of steam per hr. at 200 lb. pressure, 460 
deg. F. total temperature, consists of four 823 hp. 
boilers, three fired with pulverized coal and one with 
a stoker for burning a combination of coal and wood 
refuse. Space had been provided in the boiler room 
for two small boiler units for future expansion and 
into this space was fitted a 170,000 lb. per hr., 900 Ib., 
750 deg. F. integral furnace boiler equipped with two 
5 ft. 6 in. Hofft refuse furnaces. The completed boiler 
will be fired with two pulverizers and will produce full 
output either with coal alone or with a combination of 
fuels. Only one pulverizer was installed initially, and 
the boiler is being operated temporarily at 200 lb. 
pressure. 

Application of the refuse burning equipment varies 
from the usual method even for this type of unit. The 
Hofft furnace is set back from and below the level of 


SOFTENER BLOG. 


Fig. |. The new boiler is installed in the present boiler room in space 

originally intended for two smaller units. The four old boilers have a 

total capacity of about 265,000 Ib. per hr. at 200 Ib., 460 deg. F. 
Section A-A through the new unit is shown by Fig. 3 
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the pulverized coal furnace as shown in the sectional 
view. This is done to provide a secondary combustion 
space for the wood refuse, which contains 55 to 60 
per cent moisture, so as to burn it as completely as 
possible even at high rates of firing. 


psec 


Nb 


Fig. 2. Front elevation of the new boiler. Only one of the two mills 

shown has been installed, the one on the left will be added later. The 

forced draft fan is installed in the basement, the induced draft at the 

top of the boiler discharging to an existing stack through a breeching 
serving two of the old boilers 


Perhaps the most interesting feature of the installa- 
tion is the combustion control. As no bark storage is 
provided, the problem is to burn the refuse at the rate 
it is supplied from the barking operation, and at the 
same time vary the coal and air mixture to regulate 
steam pressure. All air for combustion is supplied by 
a single forced draft fan, and both furnaces have a 
common air heater. All air passes through the air 
heater except that required for tempering the coal-air 
where the temperature averages 200 deg. F. Leaving 
the air heater, ducts are run to three points: the Hofft 
furnace, primary air to the pulverizers and secondary 
air to the coal burners. 

Rate of steam generation is varied by changing the 
rate of flow of primary air which in turn varies the 
rate of coal flow. The same impulse, controlled from 
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burning repositions the louvres of the forced draft fan 
independently of the other. 

The economy of the boiler installation lies in the 
generation of a relatively large amount of steam in a 
small space. By combining the two fuels a spare refuse 
burner is obtained at low cost and provides for econom- 
ical generation of high pressure steam from a low grade 
fuel. 

When the power demand requires additional gen- 
erating equipment a 5000-kw. turbine generator will be 
installed as a topping unit for the present turbine 
generators. It will receive steam at the throttle at 
850 lb., 750 deg. F. and exhaust at 200 lb., 480 deg. F. 
Space is available in the present turbine room for a 
third unit so that the topping unit can be installed and 
exhaust into the header supplying the lower pressure 
units. 

LIST OF PRINCIPAL EQUIPMENT 








Fig. 3. Section through the boiler showing the unique arrang t of 

the refuse or bark burning furnace. Contrary to usual practice, this 

furnace is set back from, and below, the pulverized coal furnace so as 

to provide a secondary combustion space. The bark burned contains 
from 55 to 60 per cent moisture. 


steam pressure, is passed through a ratio relay which 
sends an impulse to a regulator. This impulse is bal- 
anced against the differential pressure across the air 
heater and positions the louvres at the inlet of the 
forced draft fan. By proper design of the ports in the 
valve controlling the primary air damper, it is possible 
to get the correct coal-air mixture at the burners. 
Since refuse is fired at an uncontrolled rate, air for 
its combustion is regulated by hand through a damper 
regulator which will maintain a constant rate of air 
flow for a given hand setting. This is done by balanc- 
ing the impulse sent out by the hand regulator against 
the differential pressure across an orifice in the air duct. 
This differential pressure also controls the differential 
across the air heater through a regulator in parallel 
with that controlling air for coal burning, so that, 
either a change in demand for air for refuse or for coal 


Fig. 4. View of the boiler front 


Engineering: Kimberly-Clark Corp. Engineering Dept. C. W. 
Nelson, Chief Engineer. 

Steam Generator: Babcock & Wilcox Co., one integral furnace 
type, capacity 170,000 Ib. per hr., 900 Ib., 750 deg. F. 
Boiler heating surface, 14,400 sq. ft.; air heating surface, 
12,700 sq. ft. 

Coal Pulverizer: Babcock & Wilcox Co., one size 135 Class 
211B, with B. F. Sturtevant Co. feeder type blower and 
Bailey Meter Co. pulverizer feeder controller. 

Bark Furnace: M. A. Hofft Co., two 5 ft. 6 in. wide furnaces. 

Forced and Induced Draft Fans: Buffalo Forge Co., one each 
per boiler. Forced draft fan with inlet vane control and 
driven by a 125 hp. Gen. Elec. constant speed motor. Maxi- 
mum capacity 54,000 c.f.m. at 9.0 in. water. Induced draft 
fan, single inlet, driven by Westinghouse 350 hp. turbine. 
Maximum capacity 126,000 c.f.m. at 11.75 in. water, 924 


r.p.m, 

Coal Scales: Richardson Scale Co., one 200 lb. capacity. 

Water Column: Diamond Power Specialty Corp., one Bi-Color. 

Safety Valves: Consolidated Ashcroft Hancock Co., Ine. 

Feedwater Regulator: Swartwout Co., one differential pres- 
sure regulator, one feedwater level regulator. 

Blow-off Valves: Babcock & Wilcox Co. 

Soot Blowers: Diamond Power Specialty Corp. 

Ash System: United Conveyor Corp. 

Steam Flow Meter: Bailey Meter Co. 

Smoke Indicator: Bailey Meter Co. 

CO, Recorder: The Hays Corp. 

Combustion Control and Panel: Hagen Corp. 

Automatic Steam Valve: The Edward Valve & Mfg. Co., Inc. 

Feedwater Stop and Checks: The Edward Valve & Mfg. Co., 
Ine. 


Steam Stop Valve: The Chapman Valve Mfg. Co. 





The present generating equipment includes two 
3000 kw., 0.8 p.f. condensing turbines receiving steam 
at 200 lb. pressure and having a bleed point at 20 lb. 
There are also three smaller stand-by units totaling 
3300 kw. which are used to replace hydro power during 
poor water periods. 

Economy of the topping turbine can best be illus- 


trated by the following figures: The average process 
steam requirement at 200 Ib. is 20,000 lb. per hr. and 
at 20 lb., 100,000 lb. per hr., while the steam electric 
load is 9000 kw. To supply this steam and power de- 
mand with present boiler and generating equipment 
requires 205,000 Ib. of steam per hr., exclusive of boiler 
house steam usage. With the same process require- 
ments but with the 900 lb. boiler and topping turbine 
in operation, but 152,000 lb. of steam per hr. will be 
required and steam to the condenser will be reduced by 
the difference, or 53,000 lb. per hr. 

Thus the installation will supply both needed power 
and steam requirements at a very nice saving in power 
costs. 
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Surface Condenser 
Performance 


Simplified charts aid in making 
rapid calculations to determine 
the effect of changing conditions. 


By E. F. STALCUP 
Westinghouse Electric & Mfg. Co. 


O THE POWER PLANT ENGINEER or designer, 

it is frequently important to be able to predict 
the approximate performance of a surface condenser, 
or, to determine the surface and water requirements 
of a condenser for a given duty. There are many 
variables involved in calculating this problem, such 
as: inlet water temperature, size, gage and length 
of tubes, number of water passes, surface, water 
quantity, and cleanliness of the tubes. The calcula- 
tions are rather laborious, unless one uses them fre- 
quently, so an effort has been made to cover the com- 
monly used values on charts from which the results 
might be easily determined. 

For power plant application, the most commonly 
used sizes of tubes are 34, %, and 1 in. outside diam- 
eter, with a wall thickness of No. 18 B.W.G. The 
two* following charts have been constructed, one for 
34 and the other for 1 in.* tube sizes, which may be 
used for obtaining the approximate performance of 
the present design of Westinghouse surface con- 
densers. Headings at the top left of the chart indi- 
cate that the vertical lines correspond to inlet water 
temperatures from 50 deg. F. to 90 deg. F. 

These vertical lines intersect lines showing con- 
denser vacuum in inches of mercury referred to a 
30-in. barometer. The upper right section shows lines 


*Charts have been made for all three tube sizes but only two 
are reproduced here. Prints of the third chart for % in. tubes 
are available and, for the next month, will be sent free of charge 
to subscribers desiring a copy Address Editorial Department, 
Power Plant Engineering, 53 W. Jackson Blvd., Chicago, III. 





indicating ‘‘Values of C.’’ C equals gallons per 
minute of water divided by square feet of surface, or, 
water velocity in feet per second divided by the total 
tube length times a factor which is constant for the 
given size and gage of tube. This factor is 0.1885, 
0.155 and 0.1215, respectively, for 34, % and 1 in. 
O.D. tubes. Total tube length equals the active tube 
length in feet times the number of water passes. The 
lower right section of the chart shows lines indicating 
the total tube length in feet. A vertical scale to the 
left of these lines indicates ‘‘Steam Condensed, 
pound per hour per square feet of surface.’’ 

Three examples below illustrate how these charts 
may be used. 

It is possible, with the various values of C and 
total tube lengths, to get a wide range of water veloci- 
ties. It should be noted, however, that the perform- 
ance indicated should not be used for water velocities 
above 8 ft. per sec. The majority of commercial in- 
stallations fall between 51% and 71% ft. per sec. veloc- 
ity, so that, for convenience, the values of C for three 
velocities in this range are shown on the charts. 

The charts are based on commercially clean tube 
performance. Many engineers and operators allow 
for a moderate amount of tube fouling, such as occurs 
between periodic tube cleanings, also for the aging 
action of the tubes over a period of years. While the 
charts cannot be used to determine an accurate result 
with such an allowance, they may be useful to ob- 
tain a close approximation. A common means em- 
ployed to allow a margin is to specify the condenser 
design and performance to be used on ‘‘tubes 85 per 
eent clean.’’ The practical result of this is to in- 
crease the size of the condenser and the quantity of 
water circulated, by approximately 10 per cent. 

A margin may be allowed also, by designing the 
condenser on a clean tube basis, for a vacuum some- 
what higher than is desired as an average over the 
cleaning periods. As an example, if a condenser is 
cleaned when the average vacuum drops 0.3 in. and 
it is desired to maintain an average vacuum of 28 
in. with 75 deg. F. water, designing for 28.15 in. with 
75 deg. F. water on a clean tube basis, would allow 
a margin for tube fouling and approximately obtain 
an average of 28 in. vacuum. 








EXAMPLE 1 

Muke the following assumptions and 
then find the size of condenser and amount 
of circulating water required: 


Steam flow — A catmuaeang to con- 

denser, lb. per hr. .............. 50,000 
Vacuum desired one to 30 in. 

barometer, in. 

Inlet water temperature, deg. F. 
Water velocity through tubes, ft. 

Po SPRANSE cee eee ee ere 6. 
Tube size, in. O.D. 
Active tube length, ft. 
No. of water passes “ 
Total tube length, 2x14 ft. or....... 
Then C is 6.5 + (28 X xX 0. 1886) or. 1 232 


From near the upyer left corner of the 
chart, find 65 deg. F. inlet water tempera- 
ture, and proceed downward on this ver- 
tical line to its intersection with the 
28.5 in. vacuum line, then horizontally to 
the right to the point at which C = 1.232, 
From this point proceed downward ver- 
tically to the 28 ft. total tube length line, 
then to the left to the scale “Steam Con- 
densed, Ib. oni ch a oy surface.” This point 
is approximately 1 1.40 Ib. per hr. per sq. 
ft. Then using the formulae on Ba op- 
posite page, 560,000 lb. per hr. + 
4,380 sq. f surface and 4,380 - ft. x 
1.233 = 5308 g.p.m. 


EXAMPLE 2 

Assume the following values and then 
determine the vacuum which can be ob- 
tained with various water temperatures: 
Steam flow from turbine to con- 


Condenser surface oe eo - 12,000 
Water circulated, g.p.m 13, 200 
Size tubes, in. O. D 
Active tube length, Zs 
No. of water passe ‘ 2 
Total tube length, 2x18 ft. , ee tucane 36 
Then the steam condensed in 1b. p 
hr. per sq. ft. is (150,000 Ib. yar.) 
(13,000 aq. ft) OF... cccsascccees 
Algo C is (13,200 g.p.m.) + (12,000 5a, 1 


or 

Water velocity in ft. per second is 

then 1.1 X 36 X 10.1885 or........7.46 

From 12.5 lb. per hr. per sq. ft. ‘on the 
lower left hand scale oe to the right 
horizontally to 36 ft. total tube —_— 
then sortionlty LRP "to c= 11 
left horizontally to the intersection ’ with 
the desired water temperature lines, 
which run vertically. This shows the 
following results: 


Water 5 Deg. F. Vacuum, In. He. 


EXAMPLE 3 
It is desired to find the quantity of 
water required with a given condenser to 
produce a given vacuum with a given tem- 
perature of water. To illustrate this, 
make the following assumptions: 
Steam flow from turbine to con- 
denser, 1b. per. hr 
Condenser surface, sq. ft. 
Vacuum desired, + Hg 
Inlet water, deg. 
Size tubes, in. 
Active tube Rasta ft. 
No. of water passes. 
Total tube length is 3 ‘x 10° ft. “or 
Then the steam condensed in Ib. 
per hr. per sq ft. is (15,000 Ib. 
per hr.) + (1,000 sq. ft.) or......... 15 
First locate the intersection of 27.0 
in. vacuum line and 80 deg. F. inlet water 
temperature line in the upper left hand 
corner. Then, from 15 lb. per hr. per sq. ft. 
on the lower left hand corner scale pro- 
ceed to the right horizontally to 30 ft. 
total tube length line, and then sonetpally 
upward to the intersection with a h 
sontal line through the oint TY Gaen 
This shows a value of C = 1.16 approxi- 
mately. Then using the formulae (1,000 
aq. ft.) X 116 = rl ag gal. per min. of 
the water velocity 


water required 
X 0.1885 = 6.56 ft. per 


will be 116 x 80 
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_ Water velocity, ft. per second 
Total tube length x .1885 


_ Total steam, lb. /hr. 
eaiandi lb. /hr./sq. ft. 


G.P.M. = Sq. Ft. x C 


Active tube length = 








Total tube length 
No. water passes 


VALUES OF C 








Assumed Velocity 
Feet per Second 





5.5 6.5 


1.824 2.155 
1.459 1.724 
1.216 1.437 
1.042 1.232 
912 1.078 
.810 .958 

















Temperature Rise of Water, °F. = 


1.9 x lb./hr. Steam 
G.P.M. 


Inlet Water Temp. + Rise = Outlet Temp. 





Vac. Temp.—Outlet Temp. = 
Terminal Temp. Difference 
Minimum “er terminal 


EY . Diff. = 
— a 24 


Fig. |. Approximate performance of surface condensers with 34 in. O. D. tubes, 18 BWG., commercially clean 
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i. Water velocity, ft. per second 
Total tube length x .1315 
Sq. Ft. = Total steam, lb. /hr. 
lb. /hr./sq. ft. 
G.P.M. = Sq. Ft. x C 
Active tube length = Total tube length 


No. water passes 


VALUES OF C 














Assumed Velocity 
Feet per Second 





5.5 6.5 


2.614 3.089 
2.091 2.471 
1.743 2.060 
1,494 1.765 
1.307 1.545 
1.162 1.373 
1.046 1.236 

.907 1.124 

871 1.030 

















Temperature Rise of Water °F. = 
1.9 x lb./hr. Steam 
G.P.M. 

Inlet Water Temp. + Rise = Outlet Temp. 
Vac. Temp.— Outlet Temp. = 

Terminal Temp. Difference 
Minimum guaranteed terminal 

Temp. Diff. = 5° F. 





484440 36 32 28 
Fig. 2. Approximate performance of surface condensers with | in. O. D. tubes, 18 BWG., commercially clean 
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Modernization Trends In 


Part II.* In this installment, the author considers 
textile mills which can be classified under Group Il 
as described in the first part of this article and also 
a portion of those mills classified under Group Ill. 


By M. K. BRYAN 


Chas. T. Main, Inc., 
Boston, Massachusetts 


N THE FIRST PART of this discussion of the 

power policies in the textile industry we considered 
that group of mills whose service requirements were 
most favorable for purchased power. 

Now we will consider the second group in our 
classification,’ namely, that group of mills having serv- 
ice requirements which are probably favorable for some 
power generation. 


Group 2—MinLs witH SERVICE REQUIREMENTS PRos- 
ABLY FAVORABLE FOR SOME PowER GENERATION 


Mills in the second group of Table I* have a larger 
ratio of steam to power consumption, about twice that 
of mills in the first group. These second group mills 
do processing of the material which the first group do 
not do, and these added processes require heat. Or- 
dinarily this process heat can be furnished in relatively 
low pressure steam, which condition is a potential 
source of cheap power. Although this source of power 
is generally not large enough in proportion to total 
mill power requirements to generalize that purchased 
electricity can not be competitive, it is always of 
enough magnitude for private power generation to be 
seriously considered, and especially wherever the ulti- 
mate of profitable mill operation is dependent upon 
operating expense. For example, a colored goods cot- 
ton mill will accept or refuse cloth orders on a price 
margin of 0.1 to 0.25 cent per yd. A typical colored 
goods mill for the past four years has averaged to use 
0.32 kw-hr. per yard of cloth. So, accordingly, a varia- 


*Part I appeared on page 104 of the February 1938 issue. 
1See Table I in Part I. Page 106 February, 1938. 


70 


a 
°o 


PER HOUR 
re) 
°o 


> 
°o 
a 


ow 


n 


POWER-IN M. KW. 


MLB. OF STEAM 
© w 
°o ° 


3 





° 


' 4 6 


Bs ON 121 2 4 6é7es0otue 
NOON 


Fig. 2. Typical Power and Steam Load Curves for Group 2 Mills 
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tion in power cost of 3 to 8 mills a kilowatt-hour may 
be the difference between meeting the market at a 
profit or at a loss. 

A cotton mill typical of those in Group 2, excepting 
that it is larger than the average, may be used to illus- 
trate the results, generating all power and steam. This 
mill operates on a two-shift or 80 hr. per week basis, 
making colored cotton goods. Some process work is on 
a 24 hr. basis. It has been making all power since 
1934, prior to which some power was made and some 
purchased. 

Typical daily power and steam load curves are 
shown in Fig. 2. Annual load factors for the past 
four years have ranged from 37.5 to 51.2 per cent 
and averaged 46 per cent for the period. Space heating 
steam, for which there is little demand, and steam for 
process purposes, are supplied 80. per cent from the 
steam turbine and 20 per cent direct from the boilers. 
The turbine is bled at two points to deliver 90 lb. and 
20 Ib. steam, about 21 per cent of the throttle steam 
being bled at 20 lb. pressure and 14 per cent of it at 
90 lb. pressure. The process and heating load amounts 
to about 7 lb. of steam for each kilowatt of power used 
in the mill. Total steam generated for all purposes 
amounts to about 19.1 lb. per kw. of power used in the 
mill. Records for this plant show average operating 
costs for four years of 4.16 mills per kw-hr. of power 
used in the mill, equal to 1.33 mills power cost per 
yard of cloth. Cost per yard of cloth for process and 
space heating steam is 0.57 mills. These figures are 
operating costs only and do not include anything for 
taxes, insurance, depreciation, or interest. 

The equipment in the plant from which these fig- 
ures were taken, consists of 3 stoker-fired water-tube 
boilers and one double extraction condensing type tur- 
bine-generator unit. Steam conditions at turbine 
throttle are 250 lb. per sq. in. gage pressure and 575 
deg. F. total temperature. Extraction pressures are 
90 lb. and 20 lb. gage, and terminal condition is 2 in. 
mercury absolute. The boiler plant does not include 
economizers or air preheaters. This installation was 
made largely in an existing building with some simple 
alterations, for a total cost of approximately $110 
per kw. of demand. A fair estimate of the cost for 
steam generating equipment for process work, exclusive 
of any power generating requirements, is equivalent 
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to $20 per kw. of power demand, leaving $90 per kw. 
of demand chargeable against power. 

These figures can be expressed in other language 
as follows:—the cost of power is about $1.00 per mo. 
per kw. of demand plus 414 mills per kw. of energy 
charge. 

The management in this case did not go as far in 
the development to lower power cost as some might 
think desirable. An increase in steam pressure to 400 
Ib. at the throttle and the addition of air preheaters 
would have affected only the boiler plant installation 
costs and would have saved, roughly, 12 to 13 per cent 
more coal, equivalent to about 20 per cent per year 
on the added investment. 

The woolen plants in this classification are, in gen- 
eral, handicapped as compared to the cotton mills, by 
their relatively small size and consequently small power 
and steam loads, making high unit cost for the power 
plant equipment. 

Plants in this middle classification, both cotton and 
wool, are likely to find steam power preferable to Diesel 
power generation, for the reason that process steam 
needs will require an appreciable steam generating 
plant, a condition which is a financial hardship to a 
Diesel installation. 


Group 3—Miuus witH Service REQUIREMENTS Most 
FAVORABLE FoR STEAM PowER GENERATION AND FOR 
Hieo Economy Steam GENERATION 


These are the plants of the third group of Table 1. 
This group includes the largest plants in the wool 
division of the industry as well as many smaller plants. 
It is exceptional when a mill in this group does not 
make some power. Most of them make all power re- 
quired, and there are a few mills making no power 
from steam and buying the requirements which can 
not be supplied by existing water power developments. 

Mills in this grouping need large quantities of heat 
for the processes, and this can generally be supplied 
from relatively low pressure steam. Most of these 
plants have a 24 hr. load. The first two shifts generally 
have the heaviest loads of steam and power, the third 
shift loads being noticeably lighter with the power load 
reduced in a larger proportion than the steam load. 

In Groups 1 and 2, previously discussed, the power 
. plant problem is essentially concerned with the means 
of getting a kilowatt for the lowest practical cost. Steam 
generating costs are of less importance. However, for 
mills in Group 3, the power plant problem starts with 
steam generation costs and power production becomes 
a by-product of steam supply. 

Steam for process purposes is not required at pres- 
sures exceeding 100 lb. and most of the work can be 
done with 5 to 10 lb. pressure steam. Although these 
mills are widely different in their practices of proces- 
sing, process steam consumption is high per kilowatt 
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TABLE II 


Process Steam—Pounds per Kw-hr. of 
Power Consumption 











Summer 
Mill Min. 


Cotton Finishing .... 105 
Cotton Finishing .... 90 40 135 
Cotton Finishing .... 69 132 
Complete Worsted .... 7% 44 
Wool Scouring 

Complete Woolen .... 5 65 


Annual 


Winter 
Average Max. i 


Max. 
170 








of power consumption, and in many cases enough non- 
condensing steam power can be made from process 
steam to supply the load demands. 

Table II gives some data which shows the general 
relations of cotton and woolen mills in Group 3. 

The pounds of process steam used per kw-hr. varies 
considerably in different mills and throughout the day 
and year in a particular mill. Cotton fabrics require 
more process steam in proportion to power than woolen 
goods. Differences between mills are due principally 
to the class of goods made, and somewhat to the indi- 
vidual ideas of processing. Rates of production vary 
the ratio in the same mill and weather conditions also 
vary it, the winter steam requirements averaging about 
30 to 50 per cent higher than the summer uses. 

These variations with production and for summer 
and winter conditions can be illustrated by the curves, 
Fig. 3. 

These graphs show average steam consumption per 
yard of cloth for each of two mills plotted against pro- 
duction rate for summer and for winter. The mill rep- 
resented by the solid line processes goods which are 
about 50 per cent heavier than the goods processed in 
the mill represented by the dotted lines. Variations of 
the steam to power ratio from hour to hour for three 
days of mill operation are illustrated by the graph 
of Fig. 4. 

Rough figures for average mills may be stated to 
be about 90 to 115 lb. of steam for cotton finishing 
plants with a seasonal and hourly range within the 
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Fig. 3. Summer and winter steam used per yard of cloth vs. pro- 
duction 
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Fig. 4. Hourly variations in process steam per kw-hr. power consump- 
tion for days of Maximum, Average, and Minimum mill production. 
(Cotton finishing plant) 


limits of 40 to 160; for woolen mills an average of about 
35 lb. with a range of 10 to 55 lb.; for worsted mills, 
18 to 25 lb. average with seasonal hourly ranges within 
8 to 50 lb.; for wool scouring plants 40 to 50 lb. aver- 
age, with seasonal hourly ranges within 30 to 80 Ib. 
These figures are very general. 

The order of this magnitude explains the relatively 
low steam pressures at which most turbine plants op- 
erate, particularly in the cotton textiles. High steam 
pressures and temperatures have not been necessary in 
the past. There is a tendency toward higher steam 
pressures, which are definitely worth while. Mill ma- 
chinery is requiring in some cases higher steam pres- 
sure than formerly for process purposes and the powér 
consumption per unit of production is increasing at a 
noticeable rate, whereas heat consumption for proces- 
sing is not. These changes in one mill are shown by 
Graph 5. 

In this classification, the cost of supplying steam 
is greater than the cost of supplying power and steam 
generating costs are an important factor in manufac- 
turing cost, in many cases amounting to more than 
what the market allows the mill as margin in price of 
the goods. 

The importance of economy in steam generation is 
being recognized and advantage is being taken of ad- 
vances in firing and steam generating equipment. This 
may be illustrated by an installation now being made 


ae 





20 


© 


en 


id 
’ <i 


@ 





PER YARD 





o 
N 


lint 


BS 
a 





PRODUCTION 
YARDS PER KWH. 


eee 


LB. STEAM 


























12 





‘32. - S35... 34. -1e5 ‘37 


YEAR 
Fig. 5. Graph showing trends of power and steam consumption. 
Cotton finishing plant 


20 Si 


180 


in a southern cotton finishing plant. This plant has a 
steam load as shown in Fig. 6. © 

The power and steam plant was built with new 
equipment in 1928. As part of the same property, 
some 500 yd. away there is a plain goods cotton mill. 
The finishing plant and the plain goods mill are served 
by a central boiler plant. Power is supplied to the two 
mills from the utility lines and from a non-condensing 
turbo-generator at the finishing plant. 

The boilers installed in 1928 were 300 lb. straight 
tube, forged steel header units, three in number, and 
were stoker fired. No economizers or air preheaters 
were installed. Steam at turbine throttle is 240 lb. 
pressure, 550 deg. F. total temperature. Turbine ex- 
haust pressure is 15 lb. per sq. in. Early in 1938 the 
steam demands had grown enough so that the original 
installation was inadequate for dependable and ample 
steam supply. Examination of the practical possibili- 
ties to increase the plant’s steam generating capacity 
and the relation of investments and operating costs re- 
sulted in selecting one high efficiency pulverized coal 
and oil fired unit to serve as a base load operating unit, 
the existing units to be maintained as spares and for 
exceptional peak demands. 

The new unit, designed for the same working pres- 
sure and superheat as the old units, will have a continu- 
ous steam output capacity of 75,000 lb. per hr. with 
short-time peaks of 85,000 lb. per hr. This boiler is an 
integral furnace installation fired with one pulverizer 
and two circular forced draft burners, and equipped 
with regenerative type air preheater and motor driven 
forced and induced draft duplex fan with inlet vane 
control for each wheel. Complete combustion control 
system and coal handling and weighing equipment is 
installed. The steam generating unit is to be erected 
in the existing boiler house after simple building 
changes. 

This unit will be required to develop steam through 
a load range of about 12 to 1. In the interest of han- 
dling the low loads certainly and safely, it was thought 
advisable to equip for burning No. 6 oil below about 
12,000 Ib. per hr. load. The oil-burning equipment will 
have capacity to develop 50,000 Ib. per hr. and accord- 
ingly can be considered as a partial reserve against 
pulverizer outage. 

The efficiency of this unit burning coal and pro- 
ducing 75,000 lb. per hr., is 86 per cent plus. The 
complete installation will cost about $1.45 per Ib. of 
steam. The savings which are from labor, from im- 
proved combustion and heat absorbing efficiency, and 
from ability to take better advantage of the offerings 
of the coal market will return the investment in four 
years or less. 
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Fig. 6. Typical 24 hour steam load 
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Fig. 7. Price Relations—Steam Generators. Complete steam generat- 
ating unit costs increase on account of pressure above 225 Ib. at 
Boiler drums 


about 8% 


about 16% 
about 38% 


350 Ib. at drums 
450 Ib. at drums 
650 Ib. at drums 











It is expected that this unit will produce about 95 
per cent of the annual steam requirements. 

In choosing this unit, the question of steam pres- 
sure was not a factor to be considered since the power 
situation can be materially improved whenever the 
management wishes to install additional generating 
capacity and pass more steam through turbines and 
less through the reducing valves. Not much more than 
half of the finishing plant steam is passed through the 
turbines at present. 

An installation similar in many respects was made 
in a northern Maine finishing plant last year. This 
installation was made for the same reasons, namely, 
additional steam generating capacity and improved 
coal burning efficiency. This installation supple- 
mented three stoker-fired, straight tube, box header 
boilers installed about 1918. The new unit is a Riley 
Type RP unit, fired with one Atritor and two burn- 
ers. The unit was designed for 450 lb. steam working 
pressure, 650 deg. total temperature, and is operated 
at 125 lb. pressure, 400 deg. total temperature. No 
economizer or air preheater was installed. The overall 
efficiency at load of 72,000 lb. per hr., continuous 
generating capacity rating is 80 per cent.. The cost 
of boiler, pulverizer and burners, fans, flues and 
masonry setting, was about $0.62 per Ib. of continuous 
output. This unit generates 70 per cent plus of the 
annual steam requirements and produces annual sav- 
ings in labor and fuel cost equal to 20 per cent of 
the total installation cost. Fuel costs about $6.60 
per ton in the boiler plant. 

This mill is furnished with power from water 
wheels supplemented by a small amount from the 
utility. 

These two installations were made by two finan- 
cially successful manufacturers. Other similar in- 
stallations have been made in the interests of fuel 
economy using the recently developed boiler designs. 
In general, these have been designed for lower steam 
pressures and made without economizers or air 
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Fig. 8. Typical 24-hr. steam and power loads 


heaters. The additional cost to provide for higher 
pressures in the construction of steam generating 
units is not an amount so great that the future ad- 
vantage of higher pressure can be disregarded. The 
relative costs of pressure parts of steam generating 
units as affected by design pressure is shown in Fig. 
7, which also shows the relation of capacity and price 
of complete steam generating units exclusive of build- 
ing, piping and auxiliaries. 

The advisability of economizers or air heaters is 
roughly and generally whether an increment of in- 
vestment which will reduce fuel costs enough to save 
its total in two to five years is desirable. 

Illustration of the possibilities of combining mod- 
ern equipment with existing and working toward the 
eventual abandonment of old equipment, is the case 
of a cotton plant in Group 3. 

This plant has a steam and power load as per Fig. 
8. Power is required both as alternating and direct 
current and is supplied by engine generator sets, 
hydro-electric plant, and local utility. Motor generator 
sets float between the A.C. and D.C. buses. The en- 
gines exhaust at 10 Ib. into the low pressure process 
and building heating lines. Steam is generated at 135 
pounds pressure, in oil-fired, four-drum, curved-tube 
boilers, and is used about as follows: 


Week-end uses 

Engine Exhaust wasted to atmosphere 

Engine Exhaust used in process 

High pressure steam distributed at boiler pres- 
sure, for process, space heating, ete 


Total Steam Generated 

Power supply from different sources is about as 
follows : 
es {BO WO AI os os ns vnc areannsenaa 76% 
Hydro and Electric, A.C............... cee eeee 15% 
RE cc bs 6b shee baie Shacks haleeduemaseneke 9% 


The smallest ratio of process steam to power con- 
sumption permitted a pressure of 300 lb. at turbine 
throttle to be chosen with leeway to allow reasonable 
assurance that some steam would always be taken 
through the reducing valve despite the trend of the 
ratio to decrease. 
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The principal sources of savings in this plant were 
—steam exhausted to atmosphere, cost of purchased 
electricity, cost of hydro-station operation and main- 
tenance,—(this property was old, in a high tax rate 
district, and had small capacity )—labor in attendance 
upon engines, and fuel saved by better boiler efficiency. 
Existing boilers and engines were old and their remain- 
ing usful life was short, but there was no question of 
their ability to carry on for several years. Accord- 
ingly, the advisable plan appeared to be superposition 
upon the present plant of a new high economy steam 
generating unit and a bleeder non-condensing turbo- 
generator. This afforded the maximum of hours use 
for the new equipment. The steam generating unit 
could operate 24 hours per day at good load points and 
the turbo-generator could be correspondingly loaded. 
Load changes day and night are handled with the old 
boilers and the engine generator sets. No old steam 
equipment is removed and, accordingly, plant opera- 
tion can continue uncurtailed with the new equip- 
ment stopped for maintenance or inspection. 
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Fig. 9. Arrangement of equipment superposed on present plant 


The new equipment was superposed upon the pres- 
ent as shown in Fig. 9. 

This equipment was a 50,000 Ib. per hour oil-fired 
boiler with air preheater, forced and induced draft 
fans, new deaerating feed heater, feed pumps, and 
1000 kw. steam turbo-generator taking steam at 300 
Ib., 600 deg. F. total temperature, bled at 125 lb. for 
engine and process supply and exhausting at 10 lb. 
for process. This installation is to be followed by addi- 
tional boilers and turbines as and when physical con- 
dition of old equipment determines their need. 

Steam generated by the new unit is about 45 per 
cent of annual steam used in the mill, representing 
5200 hr. of capacity operation per year for the new 
boiler. 

Boiler installation including its building expenses, 
cost about $1.70 per lb. of steam capacity and turbine 
installation cost about $72 per kw. The annual sav- 
ings amount to $40,000 which is about one-half of what 
the cloth market allows as margin in selling price on a 
year’s output of goods at this mill. 


Note: This is the second, of three articles on 
Power Practices in the Textile Industry by Mr. Bryan. 
The third, devoted to a consideration of woolen mills 
under the third grouping, will appear in the April 
issue. 
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Diesel-Electric Bus Drive 


G. W. Wilson, Transportation Department, Gen- 
eral Electric Co., points out to the engineers of 
the S. A. E. salient features of Diesel-electric 
drive for large buses, approximately 250 of 
which have been placed in service during the 
past 18 mo. 


NCREASED use of large capacity motor buses for 

heavy duty service has emphasized the necessity for 
an automatic transmission to relieve the operator 
of laborious gear shifting and clutch manipulating 
in order to give him more time for handling passen- 
gers. An ideal motor bus power plant combination 
would consist of a Diesel engine with a fully auto- 
matic, infinitely variable ratio transmission to per- 
mit complete mechanical isolation of the power unit 
from the passenger compartment. Electric drive 
has all of these desirable characteristics and for 
many years has been used on motor buses with 
gasoline engines. 

The greatest activity along this line has come 
during the past 12 yr. and during that time approxi- 
mately 3000 electric drive buses have been placed 
in service in this country. Approximately 250 of 
these were placed in service during the past 18 mo. 
and were used with automatic Diesel engines. The 
experience gained through the operation of these 
electric drives has resulted in further refinements in 
design which are constantly improving the equip- 
ment. While even our latest electric drive is some- 
what more expensive and heavier than the friction 
elutch and crash gear box, it is nevertheless 35 per 
cent lighter, 25 per cent less expensive and 3 to 8 
per cent more efficient than its predecessor. In our 
opinion, this brings electric drive well within the 
competitive range of other fully automatic trans- 
missions. 

The 125 hp. traction generator is essentially a 
self-excited shunt wound direct current machine with 
a small amount of compounding to minimize the 
slipping clutch sensation of the older type gas-electric 
drives, when pulling away from a stop under full 
throttle. This latest design of generator complete 
with coupling weighs 765 Ib. 

The traction motor and main reverser used with 
the 125 hp. generator has a 64% axle ratio and 42 in. 
tires on vehicles up to 20,000 lb. weight, not includ- 
ing passengers, and with seating capacities up to 40. 
This is a direct current series motor. It weighs 930 
lb. complete and, when properly supported, cannot 
be heard at any vehicle speed. 

One of the shortcomings of the most fully auto- 
matic transmissions is their free-wheeling action when 
the engine throttle is closed. We feel sure that we 
ean successfully overcome this handicap on our 
electric drive by a recently completed development 
in electric braking. This will not only make the 
vehicle safer to operate in slippery weather but will 
substantially relieve the duty on the friction brakes. 
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MODERN 


A steam turbine would be of little use in modern intercon- 
nected power systems if no means were available to hold the 
speed constant under varying conditions of load and steam 
pressure. For this reason the governing devices with which 
all turbines are equipped are highly important and necessary 
gadgets, and they have been developed to a very high 
degree of perfection. For a discussion of this aspect of 
turbine operation we now turn the stage over to Mr. Wales 
of the Turbine Engineering Dept. of the General Electric Co. 
at Lynn who specializes in this branch of the art. 


TURBINES 





UCCESSFUL APPLICATION of industrial tur- 
bines and full realization of their maximum econ- 

omy is dependent to a great extent upon the fact that 
they may be governed or controlled with great accuracy 
in terms of almost any variable desired. One manu- 
facturer, for example, may have a process requiring 
constant electrical frequency. Speed governors are 
available which will hold the turbine generator speed 
constant, within 0.1 per cent or less, over his entire 
range of load or steam pressure variations. Another 
may wish to have his turbine deliver steam at a prac- 
tically constant pressure to a process line and send this 
steam into the line only when it is needed. Another 
may have some intermittent supply of steam available 
and wish the turbine to utilize automatically what other- 
wise might be wasted. Still another will want his 
machine to supply steam to a process line at all times 
except when his boiler pressure is low. These widely 
varying requirements are met by the proper applica- 
tion of different types of turbines. To show how these 
units are controlled and to define the few simple funda- 
mentals involved is the purpose of this and a second 
article. 

Automatic control is accomplished by governors or 
regulators. A turbine is ordinarily equipped with two 
classes of governors which function separately and 
independently. One is the ‘‘operating’’ governor which 
controls normal operation, and the other is a ‘‘safety’’ 
or ‘‘emergency’’ governor which functions only when 
conditions become outside the contro] of the operating 
governor for any reason. Emergency governors gen- 
erally operate a ‘‘trip’’ or quick acting mechanism. 
~—*Republication rights reserved by the author. 
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A third class known as a ‘‘pre-emergency”’ gov- 
ernor arises when a turbine is equipped with two 
‘operating governors’’. For example, a turbine may 
have both a speed governor and an exhaust pressure 
regulator and may be arranged to operate under the 
control of either. If the unit is operated under the 
control of the exhaust pressure regulator, the speed 
governor may be set to prevent the speed from rising 
above a predetermined value; a value below that for 
which the ‘‘emergency’’ governor is set to act. Such 
a setting is called a ‘‘pre-emergency’’ setting. 

Operating governors make use of a small variation 
in the quantity being controlled (speed, pressure, etc.), 
to bring about changes in the factors affecting the con- 
trolled quantity in such a way as to hold it within the 
above small variation. This small variation in the con- 
trolled quantity is known as the regulation. 

As an example of an operating governor, consider 
the basic centrifugal flyball speed governor controlling 
an isolated turbine with the flyball position directly 
operating the steam admission valve; (See Fig. 1), as 
the balls travel in with a speed.decrease they open the 
valve, or as they go out with a speed increase they close 
the valve. The flyball position is a direct indication 
or measure of speed. When the flyballs are out the 
speed is high and when they are in the speed is low. 
Consequently when the valve is nearly closed, as at no 
load, the speed is high, and as load is applied the speed 
will drop and the valve will open according to the 
characteristics of the flyballs. In order to hold the 
valve open, the speed must remain at this lower value 
as long as the load is applied. (Unless the speed setting 
is raised by hand adjustment.) This change in speed 
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Fig. |. Elementary Diagram of Speed Governor 


with the application of load is the governor’s ‘‘regula- 
tion’’ and is usually expressed as the per cent speed 
change for a load change equal to full load. This value 
may normally be of the general magnitude of 3 or 4 
per cent of the normal speed. Thus, a turbine with a 
4 per cent speed regulation, when set for 3600 r.p.m. 
at full load, would operate at 3744 r.p.m. at no load. 

Likewise the fundamental operating pressure gov- 
ernor makes use of a change in the controlled pressure, 
acting on a diaphragm or bellows, to vary the steam 
supply affecting the controlled pressure. The ‘‘regu- 
lation’’ or pressure change required to vary the steam 
supply from zero to maximum may be of the general 
magnitude of 10 per cent of the absolute pressure being 
controlled. 

A governor with a small percentage regulation is 
spoken of as a ‘‘narrow’’ governor and one with a large 
regulation is known as a ‘‘broad’’ governor. 

Generally speaking, ‘‘broadening’’ a governor or 
increasing its regulation improves its ‘‘stability’’ or in 
other words eliminates any tendency to ‘‘hunt’’ which 
may be found if the governor is too ‘‘narrow’’. Thus, 
from the point of view of stability we would like a 
broad governor while for obtaining only a small varia- 
tion in the controlled quantity a narrow governor 
would be desired. How these two opposed principles 
ean be reconciled by the application of regulation 
‘‘eorrectors’’ will be described later. For the present 
it is only necessary to understand that by the use of 
regulation ‘‘correctors’’ in conjunction with a broad 
and stable governor any desired or necessary degree of 
‘‘ultimate’’ or ‘‘settled’’ regulation down to and in- 
cluding zero regulation may be obtained with stability 
and smoothness. Governors with zero regulation are 
sometimes termed ‘‘isochronous’’. The action of a 
governor which maintains zero regulation by means of 
a ‘‘eorrector’’, is in no sense comparable with the 
usual conception of an isochronous governor. Strictly 
speaking an isochronous governor would be inherently 
unstable, but the term ‘‘isochronous’’ is commonly 
applied today to stable governors having relatively 
broad regulations for instantaneous changes, but sub- 
stantially zero regulation for a settled change. 

For accurate control, governors acting directly to 
move the stesin admission valve (See Fig. 1) must 
be limited to small operating forces which normally 
prohibits their use on any but small turbines. Direct 
acting governors must supply the force to move the 
steam control valve, a requirement which limits their 
sensitivity and accuracy. 
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But sensitivity and accuracy may be retained even 
though large forces must be controlled by ‘‘relaying”’ 
the action of the governor. The governor itself then 
operates only a small pilot valve controlling fluid pres- 
sure, or other amplifying means, which secures the 
large forces needed for positive positioning of the con- 
trol valves. With such an arrangement the governor 
serves simply as an indicator of the quantity being 
controlled and supplies little or no operating force. 

The importance of this consideration may be real- 
ized by considering the variation in force encountered 
in lifting a 4-in. valve against an unbalanced pressure of 
200 Ib. per sq. in. A force of about 2400 Ib. is required 
to start the valve off its seat. As flow through the valve 
increases the nozzle following the valve builds up pres- 
sure between the nozzle and the valve, so that when the 
valve has been lifted about 1! in. little unbalance 
exists—a variation of one ton or more in 4 in. travel! 

Various ‘‘relay’’ systems have been developed for 
fast and accurate control of large forces. The most 
accurate and positive of these always make use of 
‘*restoring’’ in one form or another. In other words 
after a force has been set up tending to accomplish a 
result, the accomplishment of that result automatically 
removes the force. 

Figures 2 and 8 illustrate ‘‘position’’ and ‘‘force’’ 
restoring respectively. In each case ‘‘a’’ represents the 
pressure sensitive element of a pressure regulator, ‘‘b’’ 
the pilot valve controlling the flow of high pressure oil 
to ‘‘e’’, an operating piston capable of positioning 
suitable valves controlling steam flow to the system 
under the control of ‘‘a’’. 


The use of relays, while giving a practically un- 
limited extent to what may be controlled by governors 
does not, however, alter the fundamental concepts 
gained from Fig. 1 whether it be applied to speed 
governors, pressure governors or what not. 

It frequently becomes necessary to operate two or 
more governors in parallel, i.e., have two or more gov- 
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Fig. 2. Position Restoring 


An increase in pressure at (a) causes the pressure responsive 
element to move upward a definite amount depending upon the 
characteristics of its spring. In moving upward the pilot valve 
is displaced from its neutral position in the direction to drain 
oil from the underside of piston (c). The omg (c) will move 
downward under the influence of its loading spring until the 
pilot valve has been restored—through restoring lever (d)—to 
its neutral position. 

A decrease in pressure:at ‘(a) will cause the pilot valve to 
move downward and admit oil under pressure to the piston (c). 
The piston (c) will move upward until the pilot valve is restored 
to its neutral position. 
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ernors in active control of the same quantity at the 
same time. 

For example, consider two or more speed governed 
turbine-generators synchronized on the same bus. Dur- 
ing such operation the speed of all units must be the 
same since their generators are electrically locked to- 
gether. With the application of load to such a system, 
the system frequency, or speed, decreases until the 
total increase in output on all the units (caused by the 
drop in speed moving their governors and hence their 
steam admission valves) is just equal to the applied 
load. Since the per cent speed drop is the same on all 
units, those with ‘‘narrow’’ regulations will have their 
outputs increased relatively more than those with 
‘‘broad’’ regulations. Since by definition ‘‘regulation”’ 
is the per cent speed change for a full load change, the 
actual load increase on any unit will be in proportion 
to the full load rating of that unit in relation to the 
total of the full load ratings of all units on the system. 
Generalizing these statements we may say that the divi- 
sion of load between units will be inversely as their 
regulations and directly as their ratings. 

To illustrate, suppose we have a 1000 kw. unit with 
2 per cent regulation operated in parallel with a 4000 
kw. unit of 4 per cent regulation. How will a system 
load change of 3000 kw. be divided between them? We 
will first see what the system speed change ‘‘S”’ will be. 


System load change = load change on the 1000 kw. 
unit + load change on the 4000 kw. unit. 


S S 


3000 = — x 1000 + — x 4000 
2 4 


3000 = S & 500+ S « 1000 
3000 = 1500 * S 
S=2 per cent system speed change. 


A two per cent speed change on the 1000 kw. unit 
which has 2 per cent regulation for a full load change 
will change the load on it by 1000 kw. 

A two per cent speed change on the 4000 kw. unit 
which has 4 per cent regulation for a full load change 
will change the load on it by 2000 kw. 

If the governor on one of the units were equipped 
with a regulation ‘‘corrector’’ arranged for zero settled 
regulation, it would, of course, absorb any settled sys- 
tem load. change within its capacity, and maintain 
constant system speed. The governors on any other 
units on the system would have no settled speed change 
to respond to and those other units would operate at 
constant load or ‘‘base-loaded’’. 

These principles. may be applied to almost any sys- 
tem involving two or more governors of nearly any 
type operating in parallel, whether controlling speed, 
pressure, or other variables. 

Particular use of these principles may be found in 
arranging the control of various units in a station so 
that most economical operation is as nearly automatic 
as possible and requires a minimum of the operator’s 
attention. 

For instance, for most economical operation, units 
Should be started up, to meet increasing plant loads, 
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Fig. 3. Force Restoring 

An increase in pressure at (a) causes the pressure responsive 
element to move upward compressing spring (e), and displacing 
pilot valve (b) in the direction to drain oil from beneath piston 
(c). Piston (c) moves downward under the influence of its 
loading spring until, through its restoring lever (d), it com- 
presses spring (e) enough to overcome the increased pressure 
at (a) and restore the pilot valve (b) to its neutral position. 

A decrease in pressure at (a) causes a similar action except 
that the piston (c) is moved upward by oil under pressure. 


other things being equal, in the ascending order of their 
‘factual steam rates’’, ie., their actual steam flow 
divided by their kw. output. When it is necessary to 
have more than one unit on the line, they should be 
loaded in the ascending order of their incremental 
steam rates, i.e., the change in actual steam flow between 
no load and full load divided by the full load kw. out- 
put. 

Consider, for example, two 1000 kw. units, the per- 
formances of which are represented by No. 1 and No. 2 
respectively in Fig. 4. These figures, while exagger- 
ated, will serve the better to illustrate the truth of the 
two above generalizations. 

Obviously, for plant loads of less than 1000 kw. it 
is advantageous to operate No. 1 rather than No. 2. 
When, however, the load becomes in excess of 1000, say 
1250 or 1500 kw. and it is necessary to operate beth 
units, the least total steam plan will result with No. 2 
at full load and the balance on No. 1 although No. 2 
has an ‘‘actual’’ full load steam rate of 35 lb. per kw- 
hr. while that of No. 1 is only 30 Ib. per kw-hr. With 
both units operating the factor determining most eco- 
nomical loading is ‘‘incremental steam rate’’ which for 
No. 2 is 15.0 lb. per kw-hr. and for No. 1 is 20.0 Ib. per 
kw-hr. This applies for all loads for which both units 
must be operated. 5 








Unit Throttle 


Flow 


Throttle 
Flow Load 


Station Unit Unit 
K.W. No. Load 





15,000 1000 
35,000 250 


30,000 
23,750 


1250 1 250 
2 1000 


1250 50,000 1250 


500 20,000 1000 
1000 35,000 500 


1500 1500 


53,750 
30,000 
27,500 


55,000 57,500 





Obviously then, when the station load is such that 
both units should be operated, No. 2 should be eperated 
at as near full load as possible and the balance placed 
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Fig. 4. Performance curves of two turbines 


on No. 1 and No. 1 should take any changes in station 
load that may occur, within its capacity. One way to 
accomplish this is to make No. 1’s regulation very nar- 
row. If the regulation of No. 1 is made zero (as by the 
use of a regulation corrector) then when it is necessary 
to start No. 2, No. 2 may be set and operated at a con- 
stant load of full load and all additional load changes 
will automatically be absorbed by No. 1. In this way, 
proper correlation of governors on various units may 
do much to secure automatic satisfaction of loads in the 
most economical manner. 


Utilities Major Turbine Customer 


RIVATE UTILITIES still account for about 88 

per cent of all the turbine generators bought m 
this country, and most of them purchased during the 
past year were of the new hydrogen-cooled type, 
according to a survey of large unit purchases made by 
W. E. Blowney, turbine engineer for the General 
Electric Company. Blowney’s study was based on 
his company’s sales of turbine generators rated 10,000 
kilowatts and above, exclusive of those for marine 
propulsion, during the two four-year periods 1926-29 
and 1935-38. 

The survey revealed that industries and muni- 
cipalities bought an increased percentage of turbines 
in the 1935-38 period than they did in the years 1926 
through 1929, but that their share represented only 
a small part of the total volume. 

A marked swing toward the hydrogen-cooled type 
turbine-generator during the past few years was dis- 
closed. Units of this type are capable of operating 
more efficiently in large sizes and higher speeds. 
Although orders for hydrogen-cooled units had been 
placed as early as 1935, the first one was not in opera- 
tion until October, 1937, at Dayton, Ohio. One year 
from that time hydrogen-cooled turbine-generators 
representing a total generating power of more than 
400,000 kilowatts had been installed by General Elec- 
trie and were in actual operation. 

The average rating of the 1800 r.p.m. turbines 
sold during the 1935-38 period was 20,000 kilowatts 
more than that of the units sold during the earlier 
period, which had been looked upon as the era of the 
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large turbine. Further, the average rating for the 
higher-speed 3600 r.p.m. turbines sold during the 
four-year period just ended was double the maximum 
of units of the same speed purchased in the years 
1926-29. Average size of all turbines considered in 
the study was found to be almost exactly the same 
for the two periods. The earlier period average was 
35,300 kw.; the later period 35,200 kw. 

Substantial increases in initial steam tempera- 
tures for units bought during the past 4 yr. were 
attributed to a better understanding of the properties 
of alloy steels. The study further showed that the 
use of higher initial steam temperatures of 900-950 
deg. F. had reduced moisture content thereby per- 
mitting simplification in turbine designs. Present-day 
higher temperatures have obviated the need for the 
resuperheating necessary with the 700-750 deg. F. 
temperatures popular in the 1920’s, according to the 
study, but recent orders calling for still higher pres- 
sures indicate that resuperheating will again be 
required for those units. 


Engines for Broadcast Standby 


NEED For a dependable and readily available source 
of standby power prompted the installation of a 
Bardco 80 kv-a. electric unit in Radio Station KNX 
at Torrance, Calif. Stop-watch timing at the plant 
before installation and at the transmitter subsequent 
to installation indicated a 4.5 sec. time interval from 
cold start to full speed and voltage. During a recent 
broadeast of election returns the standby unit was 


Tests show standby units of this kind can be brought to full speed 
and voltage in 4.5 sec. 


used from midnight until 2:00 A. M. for the regular 
broadcast of the station and a double changeover 
from utility to standby generation was accomplished 
with no detectable interruption. A similar unit of 
25 kw. capacity will be installed by Columbia at its 
studio building on Sunset Boulevard in Hollywood. 
The generator in the above installation is a Master 
80 kv-a., 2300 v., 3 phase, 50 cycle unit, driven at 1500 
r.p.m. through a flexible coupling by a 935 cu. in. 
displacement 165 hp. Heréules 6 cyl. gasoline engine 
with a 534 in. bore and a 6 in. stroke. 
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Increasing domestic and industrial load on the 
Grand Haven, Mich., Municipal system met by 
the installation of a 2250 hp. Diesel unit iff a 
plant extension at a total cost of approximatel 
$200,000. Total capacity now 2850 kw. in Diesels 
and 4000 kw. in steam standby. 


Grand Haven Grows 


INCE 1896, when a $10,000 bond issue was used to 
build a small steam plant and distribution system, 
electric light and power has been supplied to Grand 
Haven, Mich., by a municipal power plant. By 1925 
the capacity of the plant had increased to 3000 kw. 
An offer of $1,200,000 by a private company was re- 
jected by election in 1930 and to take care of the 
increasing load a new Diesel plant was built adjacent 
to the steam plant at a cost of $217,000. Two 4 cyele, 
1150 hp., 0.8 p.f., 800 kw. units were installed and the 
steam plant was retained for supplementary service. 
In spite of the depression the load continued to 
increase and $82,000 was spent in 1934 for a third 
800 kw. unit and alterations to the building. Three 
years later the building was extended to provide 
space for two more units, although only one unit, a 
2250 hp., 2 cycle Nordberg, driving a 1600 kw. gener- 
ator, was installed. The total cost, including a new 


Fig. 1. This new 2250 hp. Nordberg Diesel drives a 1600 kw. gener- 
ator and because of its higher efficiency carries base load 
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Fig. 2. One of the many conveniences installed in the plant to 

facilitate operating and maintenance routine. With this chain block, 

mounted on a swinging bracket, cleaning the fuel centrifuge is made 

easy. The swinging drop pipe is for a piped from an overhead 
tan 


water intake and pump house, was approximately 
$219,000. 

The plant is ideally located with ample cooling 
water and facilities for fuel delivery by truck, rail or 


- barge. At present Michigan fuel is used and this year 


the fuel storage facilities were doubled by the installa- 
tion of a 100,000 gal. underground tank. A contract 
was recently let for an additional 150,000 gal. tank 
which will give a total of 350,000 gal. storage capacity. 

All improvements and extensions, including the 
original plant, have been paid for from operating 
profits, this over and above the money turned over to 
the general fund of the city. Since 1930 the power 
and light system has been administered by a Board 
of Public Works of which J. Bryan Sims is superin- 
tendent. Hamilton & Weber of Grand Rapids, Mich., 
acted as consulting engineers. 
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Eliminating Engine Exhaust Noises 
—A New Approach and a Universal Solution 


UFFLING internal combustion engine exhaust, 

and closely related to this, compressor and 
blower intakes, has long been a problem which, due 
to the increasing use of automotive and Diesel engines 
in congested commercial industrial and residential 
areas, has of recent years become serious. In general 
efforts along this line have been directed toward the 
use of: throttling or baffling which, if effective, may 
introduce undesirable back pressures ; sound absorbing 
chambers which are apt to be excessively large; or, 
resonators, etc., based on established acoustic theory 
and which must not only be tuned to each individual 
job and frequency but used in a definite position so 
that the engineering cost is high, with efficiencies often 
impaired by restricted installation conditions or with 
the engine operating at variable speeds. 

To find universal application a silencing device for 
this service must: be effective over a wide range of 
gas flow or loading; be of small size and untuned so 
that it is capable of quantity production, of installa- 
tion .in any position in the exhaust line in limited 
space and be effective over a wide range of engine 
speeds ; have no adverse effect on engine operation or, 
if possible, correct bad conditions sometimes introduced 
by the natural characteristics of exhaust lines. 

This last is brought about by the momentum vor 
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ramming effect set up by a rapidly moving column of 
air stopped suddenly by the closure of a valve or 
reversal of pressure in some part of the system. Its 
importance has long been recognized by engine de- 
signers who give careful attention to intake and 
exhaust manifolds so as to neutralize, or, in some 
cases even take advantage of the effect. 

In the intake manifold card of Fig. 3, Point A 
shows how the air in the manifold, accelerated during 
the suction stroke, builds up a pressure in excess of 
atmospheric after the inlet valve is closed. In a two 
eycle port scavening engine the effect is more pro- 
nounced because of the sudden closing of the port 
without the gradual deceleration of the flow in syn- 
chronism with the piston speed. 

Due to the sudden release of the slug of exhaust 
gas from the cylinder under comparatively high pres- 
sures, and other factors which will be discussed later, 
pressure surges in the exhaust system are more violent 
than in the intake manifold. As shown by Stroke 4 
of Fig. 3 these fluctuations are reflected in the cylinder 
pressure because the exhaust valve is open during the 
entire stroke. In fact, at the beginning of the suction 
stroke the cylinder pressure, as shown by point E, was 
considerably above the inlet manifold pressure due 
primarily to the exhaust from another eylinder. 
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Fig. 1. Oscillographs taken from a full loaded, four cycle, single cylinder gasoline engine operating at 1800 r.p.m. 


No muffler was used but the length 
of the exhaust pipe was varied. In A the 
exhaust pipe was 32 in.; in B, 49 in.; and 
in C, 19 ft. (288 in.). The initial pressure 
peak is caused by the slug of exhaust 
gases from the cylinder, which travels 
through the pipe at a velocity close to 
or above that of sound. This is followed 
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by a series of damped pressure waves 
caused by the inrush of air to the pipe 
following partial evacuation by the sud- 
den passage of the exhaust gas slug. The 
frequency of these waves is a function 
of the length of the exhaust pipe which 
acts similar to an organ pipe with the 
closed end at the engine. The oscillo- 


graphs check closely with calculations 
even without temperature corrections. 
Card C, taken with a 19 ft. exhaust pipe, 
shows no pressure waves because this is 
the resonant length for 15 cycles corre- 
sponding to the frequency of firing of 
the engine. Manometer and oscilloscope 
readings were taken close to the engine. 
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Fig. 3. Combination high and 
low pressure indicator cards for a 
single cylinder of a four cycle, four 
cylinder gasoline engine and drawn 
by a Research direct pressure in- 
dicator developed by the Com- 
mercial Engineering Laboratories 
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The intake and exhaust cards reflect 
the combined action of all four cylinders, 
the horizontal lines represent atmos- 
pheric pressure in each of the four dia- 
grams. The four strokes, 1, suction, 2, 
compression, 3, power, and, 4, exhaust 
are marked on the two top cards and 
with corresponding numbers on the con- 
ventional card shown in the small sketch 
in the upper left hand corner. The small 
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Similar card reproduced from the dia- 
grams at the right, but with the four 
strokes superimposed so.as to show the 
variation in actual and ideal perform- 
ance. These pressure-time diagrams are 
distorted from the usual pressure-volume 
diagrams because the drum moves at 
constant velocity and not in synchron- 
ism with the piston. During the exhaust 
stroke, 4, the exhaust valves are open 
and pressure fluctuations in the exhaust 
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pipe are reflected in the engine cylinder. 
The section of exhaust diagram outlined 
by a rectangle corresponds roughly with 
the oscillographs shown by Figs. 1 anda 
2. In extreme cases pressure fluctuations 
in the exhaust manifold of two cycle 
engines are, while both exhaust and scav- 
enging ports are uncovered, reflected 
through to the scavening air manifold 
and seriously impair engine operation as 
shown by Fig. 5. 








card in the lower left hand corner is a 


Inasmuch as the inlet valve is open during this 
peak pressure E there is a tendency for exhaust gases 
to flow into the inlet manifold and contaminate the 
air supply intended for combustion. This condition 


ean be controlled only within narrow limits' by valve 
setting as it depends primarily upon the natural char- 
acteristics of the exhaust system and the effect of the 
other cylinders. 

Pressure fluctuations in the exhaust pipe of what 
may be considered a typical engine is shown by the 
bottom diagram of Fig. 3. The rectangle represents 


conditions between two consecutive explosions and in 
so far as a multi-cylinder engine can be compared with 
a single cylinder engine, approximate conditions repre- 


Fig. 2. Oscillograph 
with a Snubber 


This is from the 
same engine under the 
same operating condi- 
tions but using a dou- 
ble Snubber at the end 
of 11 in. of exhaust 
pipe to give a total 
length of 32 in., so as 
to be directly compar- 
able with Fig. 1A. No- 
tice that the pressure 
waves between slugs 
have been almost en- 
tirely suppressed, the 
peak pressures re- 
duced more than 50 
per cent over opera- 
tion without the 
Snubber, and the man- 
ometer readings re- 
duced 45 to 60 per 
cent. 

The action of the 
snubber as analyzed 
from the curves is as 
follows. The slug en- 
ters the closed end of 
the system at A and 
the pressure rises to 
B. Some of the slug 
passes out of the 
exhaust end of the 
snubber and the gas 
remaining cools and 
contracts, setting up a negative pressure in the closed end of 
the pipe shown at D. Air then flows into the exhaust line to 
balance the pressure, and at BE, the inertia of the inflowing air 
causes a slight increase in pressure above atmosphere. Air 
flows out of the snubber again at F and at G the exhaust valve 
opens again. The exhaust sound is a soft “puff” with no further 
Impacts with the atmosphere to cause a sustained sound till the 
following exhaust occurred. 
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sented by Figs. 1 and 2. These four oscillographs were 
taken by the Acoustic Division of the Burgess Battery 
Co. in its research laboratories at Chicago during the 
development period of a new silencing device since 
named the Burgess Snubber.? 

Engineers of the company, long a leading manu- 
facturer of acoustic silencers, found it difficult to 
account for occasional field experiences by means of 
the commonly accepted acoustic theories. Certain si- 
lencers (and the engines with which they were used) 
performed much differently from others operating 
under seemingly identical conditions. As a result they 
embarked on a research program, which extending over 
a period of more than 2 yr., resulted in the develop- 
ment of a new theory. 

Realizing the inadequacy of conventional instru- 
ments for this purpose, the first step was the acquisition 
of a cathode ray oscillograph using a specially developed 
piezo-electric pressure sensitive element. Rochelle salt 
erystals, like quartz, will, when properly cut, mounted 
and subjected to pressure, develop an electrostatic force 
proportional to the pressure. This amplified and used 
in conjunction with the sweep circuit of the oscillo- 
graph makes it possible to obtain calibrated pressure- 
time diagrams. The pressure element of this instru- 
ment was connected to the exhaust pipe as close to the 
engine as possible. 

Four of the oscillographs, and the corresponding 
developed diagrams, are shown by Figs. 1 and 2. They 
were taken from the test engine under the conditions 
outlined in the captions. As a result of the studies it 
was found that the exhaust noise consisted of two parts: 
a sharp explosion caused by the sudden emission at high 
velocity of an initial slug of exhaust gas from the ex- 
haust or tail pipe at each engine explosion ; and a higher 
frequency, sustained but damped, tonal sound of lower 
amplitude caused by the free oscillation of the column 
of gases in the pipe. 

1See Fig. 12 of Indicating the High Speed Diesel by E. T. 
Vincent, POWER PLANT ENGINEERING, page 746, December, 
1937. This tells how a peak similar to E of Fig. 3 above 
was shifted by retiming the valves so as to increase the volu- 
metric efficiency of the cylinder from 81.6 to 89.8 per cent. 

2The development and testing of this device was carried on 


largely by Ralph L. Leadbetter, John A. Marquardt and Alfred 
S. Chipley. 
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Fig. 4. Sectional drawing of the Snubber with arrows indicating the 
direction of gas flow 


The initial high velocity gas slug discharges directly to. the 
closed end snubber tube and vents gradually through the per- 
forations in the exhaust tube to the second stage. This is 
similar to the first stage but with the position of the impuls 
and vent tubes reversed. Slower moving gases from the inlet 
pass directly to the first stage vent tube as indicated by the 
arrows. The distance from the inlet to the snubber tube is 
not critical but in practice is made about twice the diameter of 
the inlet. Experience has indicated that a shorter distance 
causes heating and a greater distance adds nothing to perform- 
ance. Performance of the snubber from the standpoint of noise 
elimination is not critical and is equally effective over a wide 
range of gas flow. Commercial sizing is based on a total snubber 
volume 10 times the volume of the slug exhausted from each 
cylinder, that is, approximately the cylinder volume at exhaust 
pee ee to average exhaust pipe pressure and temperature 
conditions. 


The slug of exhaust gas leaving at high velocity 
draws a vacuum and the atmosphere surging in sets up 
a pulsation or secondary vibration which is visible in 
the first two oscillographs. The frequency of this 
secondary wave is determined by the length of the ex- 
haust pipe. 

A four cycle single cylinder engine fires once every 
two revolutions, or at 1800 r.p.m., 15 times a second ; so 
the exhaust pipe length for resonance is 19 ft. The 
oscillograph taken with this length exhaust pipe is 
shown by Fig. 1C. Here the pressure rise caused by 
the insurging air is picked up by the exhaust slug of 
the succeeding explosion. 

The velocity with which the wave front of this slug 
travels is indicated by the almost vertical rise of the 
oscillograph ray from A to B in Fig. 1 and by the fact 
that it travels some 5 diameters beyond the end of the 
exhaust pipe before it begins to flare out. The new 
Snubber, Fig. 4, utilizes this fact and is arranged so 
that the slug discharges directly across a gap into a 
closed end snubber tube from which the name is de- 
rived. This tube is perforated, and, the instant pressure 
built up forces the gas into the first chamber surround- 
ing the tube. At this stage in the cycle pressure rises 
in the entire front section of the tube and gases enter- 
ing at lower velocities are by-passed direct to the ex- 
haust tube along with the cross leakage direct from 
the snubber tube through the perforations. The driv- 
ing force which causes the gas column to oscillate is 
absorbed by the high impedance of the snubber tube. 

To preclude the possibility of a resonant condition 
arising, and, to absorb any residual velocity from the 
exhaust tube, a second snubber section is casconaded 
with the first, thus introducing a time delay. This 


o70 
¢06s 
' 
$060 
Ps 
ass 


~ 


a-a FF aon 


a 


soso 


Nn 


— 
go4s 


EXHAUST BACK PRES.— 
IN. OF WATER 


2 
“040 
O35 


SNUBBER 


EXHAUST PIPE LENGTH — FEET 


EXHAUST PIPE LENGTH—FEET 


second section is the same as the first, but with the 
two tubes reversed so that the first exhaust tube is 
directly opposite the second snubber tube and the 
second exhaust tube opposite the discharge opening. 

Figure 2 shows the action of the snubber used 
with 11 in. of exhaust pipe to give a total exhaust 
system length of 32 in. directly comparable with 
Fig. 1A. It is interesting to note that the peak pres- 
sures with a plain exhaust pipe range from 4 to almost 
5 lb. per sq. in. or more and the average pressure as 
measured by the manometer ranged from 914 to 1214 
in. of water (1 lb. per sq. in. equals 27.7 in. of water). 
With the Snubber, peak pressures were reduced to 
about 2 lb. and the manometer reading to about 5 in. 
of water. 

The Snubber may be placed at any convenient point 
in the exhaust line. Tests made with the device close 
to the outlet of a relatively slow running engine of 
large piston displacement show a lower manometer 
reading than with an equal length of exhaust pipe and 
gas temperatures* were lowered. On a 3 cyl. 14 by 
17 in., 2 eyele Diesel a resonator baffle type muffler, 





EDITOR'S NOTE: Due to the necessity for brevity and a 
more detailed explanation of the practical features of this 
device it was not possible to give a full explanation cf the 
oscillographs and complete development of the theory. Com- 
plete mimeographed reports are available, however, and will 
be sent to i interested in following the technical details 
more closely. Address requests to the Engineering Editor. 





installed directly on the exhaust manifold with only a 
short tail pipe, was not entirely satisfactory, although 
the back pressure was negative. A Snubber replaced 
it, the back pressure increased to 114 in., but the 
engine temperature dropped 30 deg. F. and silencing 
was excellent. More complete data on another engine 
is shown by Fig. 5. , 

Pressure drop is of course a function of the loading 
or gas velocity. Seven tests made on four size units 
with a positive blower showed the pressure to vary as 
the square of the velocity based on the intake size. 
Points for all sizes, plotted on logarithmic paper, fell 
on a line running from 1 in. of water pressure drop at 
2100 f.p.m. to 83 in. at 20,000 f.p.m. 

Three different sizes units tested on a 6 cyl., 4 cycle, 
534 by 9 in., 1200 r.p.m. Diesel fell on a line running 
from 1 in. at 2300 f.p.m. to 100 in. at 17,775 f.p.m., or 
with the pressure loss varying approximately as V. 
Gas velocities were calculated from volumetric efficien- 
cies, with corrections for pressure and temperatures. 
Tests on a Mack truck showed the back pressure with a 
Snubber to range from 1 in. at 600 r.p.m. to 2.7 in. at 
2200 r.p.m. as compared to 0.5 in. and 4.6 in. respec- 
tively with a cast iron pot type baffle muffler. Test 

(Continued on page 194) 
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Fig. 5. Charts showing the effect of exhaust pipe length, with and without the use of a Snubber, on the performance of a 60 hp., 450 r.p.m. 
2 cyl. Diesel engine under full load operation 
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Part XXXIV 


Further considerations of electron tube motor control 
circuits. Systems for maintaining constant speed, constant 
armature voltage, constant field voltage or to control a 
motor as some function of either direct or alternating 
voltage—all systems utilizing electrical feed back methods. 


ELECTRON TUBES— 


Principles and Applications 


By A. W. KRAMER 


HE THYRATRON TUBE CIRCUITS utilizing 

mechanical feed back described in the preceding 
chapter as pointed out have been found very useful in 
applications where it is necessary to vary the motor 
speed in relation to certain mechanical operations, such 
as wire drawing, the making of celluloid, rubber and 
rubber fabrics. 

There are, however, other cases involving motor 
control where it is desirable to maintain constant speed, 
constant armature voltage, constant field voltage, or 
to control a motor as some function of either a direct 
or alternating current voltage, or to maintain approxi- 
mate synchronism between two different systems by 
means of pilot generators. Pilot generators are small 


Fig. 1. A diagram showing the windings of a saturable core reactor 
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generators mounted on the shafts of driving motors 
or driven machines which generate a voltage or fre- 
quency directly proportional to the speed of the shaft 
on which they are mounted, the output voltage being 
used for control purposes only. 


Use oF SATURABLE CorRE REACTORS 


As was the case with the mechanical feed back 
systems, a number of such electrical feed-back cir- 
cuits using thyratrons have been developed by the 
General Electric Co. and were described in the 
A.I.E.E. paper previously referred to.t In these cir- 
cuits a small saturable reactor is used in place of 
the solenoid type reactor used in the mechanical 
feed-back circuits. A saturable core reactor is a 
reactor with two windings, one the alternating cur- 
rent winding and the other a direct current winding. 
The reactance to the flow of alternating current 
through this winding is a function of the degree of 
magnetic saturation of the core which in turn is 
dependent upon the amount of direct current passing 
through the direct current coil. 

For use in these control circuits a suitable reactor 
is one in which a change from zero to three milli- 
amperes in the direct current winding will vary the 
reactance of the alternating current winding from 
one to 10,000 ohms. If the two halves of the alternat- 
ing current winding are connected in series, this 
change in reactance can be obtained within a few 
cycles referred to a 60 cycle supply. 

1Thyratron Control of D.C. Motors by G. W. Garman. Pre- 


sented at the winter meeting of the A.I-E.E. in New York, 
January, 1938. . 
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A thyratron motor control circuit utilizing such 
a saturable reactor and designed to hold constant 
motor speed by means of field control is shown in 
Fig. 2. As shown, the speed determining means is a 
pilot generator and the standard of reference is the 
voltage drop in the potentiometer. 

Under conditions of normal operation the voltage 
of the pilot generator will be slightly greater than 
the voltage obtained from the potentiometer. 

With an increase of load on the motor the speed 
will tend to decrease and as a consequence the voltage 
of the pilot generator will decrease. This in turn 
decreases the current through the direct current wind- 
ing of the saturable reactor. Such a reduction in the 
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Fig. 3. Curves showing the performance of the field control circuit 
in Fig. 2. The curves show speed regulations for different speed 
settings 
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saturation current of the reactor increases its re- 
actance to the flow of alternating current and as a 
consequence the output voltage of the thyratron will 
decrease. This lowers the field voltage, thereby re- 
storing the speed of the motor to its previous value. 


If the load on the motor is decreased the accom- 
panying rise in speed will have the opposite effect. 
The pilot generator voltage will increase causing an 
inerease in the saturation current and a correspond- 
ing increase in the thyratron output voltage. 

In either case, the speed will never be restored to 
exactly the previous value when a change in load 
occurs because there must always be a change in 
the relative voltages of the pilot generators and the 
potentiometer ‘in order to produce the required change 
in saturating current. With a correctly designed 
saturable reactor, a small voltage when impressed on 
the direct current winding is sufficient to vary the 
thyratron current from zero to maximum. By ad- 
justing the arm of the potentiometer the speed of the 
motor can be held constant within a few per cent 
from no load to full load over its entire speed range 
as shown in Fig. 3. These curves, it will be seen, 
indicate that the change in speed from no load to full 
load for the lowest range was between 5 and 6 per 
cent. This abnormal change was due to the fact that 
the thyratron output voltage was near its maximum 
value. 

The direct current voltage for the speed adjust- 
ing potentiometer may be obtained either from a 
suitable direct current voltage source or from the 
voltage of another pilot generator connected to an- 
other system. In this way the relative speed of two 
independent systems can be held approximately con- 
stant. 


FIELD AND ARMATURE CONTROL 


The circuit in Fig. 2 is for field control. There 
are, however, certain processes where a wide range 
of speed control is required in which the speed varia- 
tion from no load to full load is a minimum. Such 
requirements are fulfilled by the circuit shown in 
Fig. 4 which involves armature control. 

As pointed out in Mr. Garman’s paper in which 
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Fig. 4. A circuit using thy- 
ratron armature control for 
holding constant speed 


these circuits were first described, these circuits have 
been used for controlling the speed of high-frequency 
generators and conveyor systems and probably are 
applicable to many other similar uses. 

Where an adjustable speed control system is re- 
quired the circuit shown in Fig. 5 is interesting since 
it incorporates an adjustable source of power for the 
armature and excitation for the field. The control 
circuit is essentially the same as that shown in Fig. 
4 except that the voltage applied to the speed control 
potentiometer is obtained from the field circuit. 


ELIMINATION OF HUNTING 


In any of these feed-back systems, mechanical or 
electrical, hunting may be caused by time delay in 
either the control or controlled circuit. A common 
method of eliminating hunting is to slow the response 
of the control circuit sufficiently to allow the circuit 
being controlled to respond to the new condition. 
Slow speed feed-back systems are inherently stable 
but in high-speed systems it may be necessary to 
either decrease the rate of response or to provide an 
anti-hunting circuit. 

One method of eliminating hunting in electrical 
feed-back circuits is to feed back into the control 
circuit, a voltage which is proportional to the rate 
of change of one of the circuit voltages. Such a 
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voltage can be obtained by means of the condenser 
discharge principle discussed in earlier chapters? and 
used so effectively in electronic voltage regulators. 
It is accomplished by impressing one of the circuit 
voltages on a resistor capacitor circuit in which the 
voltage drop in the resistor varies as a function of the 
rate of change of the applied voltage. These resistor- 
capacitor combinations will be noted are connected 
across several of the circuit diagrams. 

In the motor control circuits considered thus far 
the problem is primarily that of either maintaining 
a definite speed relationship between two systems or 
of maintaining constant motor speed. Now we come 
to a third general classification in which a direct cur- 
rent motor is controiled as a function of either an 
alternating voltage or a continuous voltage which 
is dependent upon the position or speed of the motor. 
As pointed out by Mr. Garman in his discussion of 
these controls, the control of an are furnace or an 
automatic are welding head fall into this class. The 
problem in either case is to maintain constant either 
the are voltage or the are current. 

A circuit developed for this kind of control is 
shown in Fig. 6. It was developed for either auto- 
matic or metallic are welding. In this application a 
small direct current motor is used to feed the electrode 


2Part XXIX September, 1938, p. 576. 
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Fig. 5. Thyratron armature 
control circuit for holding 
constant armature voltage 
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wire to the are. Since the motor is small only two 
thyratrons are required to run the motor in either 
direction. 

The two small saturable reactors shown in this 
circuit are used to control the two thyratrons. With 
equal saturation in the two reactors each thyratron 
will pass the same amount of current but of opposite 
polarity. In this ease the average value of the torque 
in the motor will be zero. If the saturation of one 
reactor is greater than that of the other, the motor 
will run in one direction at a speed determined by 
the difference in saturation. Conversely, if the satura- 
tion is in the reverse order, the motor will run in the 
opposite direction. The saturation current is con- 
trolled by means of a duo-triode which has two anodes, 
two grids and a common cathode. 

Normally, the are voltage, either alternating or 
direct, is rectified by means of tube 2 and impressed 
on grid number 1 of the duo-triode. If the are volt- 
age is above normal, as determined by the setting of 
voltage adjusting potentiometer, the saturating cur- 
rent through the ‘‘up’’ reactor will decrease, thereby 
reducing the current through the ‘‘up’’ thyratron 
with the result that the motor armature will run in 
the down direction. The accompanying reduction 
in current through resistor R2 increases the bias on 
the grid number 2 in a positive direction tending 
to still further saturate the ‘‘down’’ reactor. If the 
are voltage is low the ‘‘up’’ reactor will become 
saturated and the motor will run in the reverse 
direction. 

As a consequence of the unbalancing effect of 
resistor R2 a variation of several per cent in the are 
voltage is sufficient to cause the motor armature to 
run at full speed in either direction. In atomic are 
welding the electrodes burn away so slowly that the 
motor armature normally stands still. In metallic 
are welding the welding electrode burns away much 
faster and in normal operation the armature gradually 
turns in the downward direction, but can if necessary 
run from zero to full speed in either direction. The 
circuit will respond to a change in are voltage within 
a few cycles referred to a 60 cycle source. 

It will be obvious from the foregoing description 
and discussion of these circuits that the thyratron is 
an extremely useful device in making possible sensi- 
tive and accurate control systems. 
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The principle of phase control made use of in these 
circuits overcomes the inherent limitations of the 
three element gas filled tube as compared to the three 
element high vacuum tube and gives it a definite 
place in heavy power applications. In the past, cost 
of control and lack of confidence have been limiting 
factors in the application of thyratrons to the con- 
trol of direct current motors but these factors are 
gradually being changed.. Experience has already 
indicated that confidence in this type of control is 
increasing and with increased use the costs will be 
brought down. Larger units also will be developed 
to meet the requirements of higher powers as time 
goes on. ; 


Eliminating Engine Exhaust Noises 
(Continued from page 190) 


points, when plotted on rectangular coordinates, are 
scattered somewhat, but fall reasonably close to a 
straight line between the extremes mentioned. 

Because the snubber is designed around the indi- 
vidual slug of exhaust gas it is as effective on multi- 
cylinder as on single cylinder engines, but the size for 
a given engine rating is smaller for multi-cylinder units. 
The commercial sizes, now available in a complete range, 
appproximate in total volume 10 times the volume of 
an individual exhaust slug corrected to average pres- 
sures and temperatures.® 

Inasmuch as the problem of exhaust silencing is 
closely related to that of silencing the intake on engines, 
compressors and blowers, the same device is equally 
effective there, and to extend its usefulness still further, 
it has been found to be an effective spark arrester. 

The Snubber, on which patents have been applied 
for, is legally an invention, but in reality it is a de- 
velopment based on modern research methods. The 
problem was analyzed by means of adequate instru- 
ments, reduced to fundamentals and solved by the 
application of scientific principles aided by a back- 
ground of experience. It is an excellent example of 
the part that research can, and is, playing in the solu- 
tion of every day practical engineering problems. 


3Such temperatures, as in the case of manometer readings, 
indicate an average condition, and although they serve as a 
readily duplicated and valuable reference point and an invalu- 
able guide to operation, probably give little indication of the 
actual temperature of the gases leaving the cylinder for at 
——— flame will be discharged through the exhaust port or 
valve. 
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With a registered attendance of 1585 the Annual 
Winter Convention of the American Institute of 
Electrical Engineers held in New York January 
23-27 was the largest in 8 years. Seventy-six 
technical papers formed the basis of the tech- 
nical program. 


A.1|.E.E. Winter Convention 
Largest Since 1931 


F ALL THE BRAIN POWER that went into the 

production of the seventy-six technical papers that 
were presented at the Annual Winter Convention of 
the American Institute of Electrical Engineers held 
in New York during the week of January 23 could 
have been converted into knowledge of a different 
order by a mental energy converter of some sort it is 
quite likely that many of the social and economic 
problems which beset us at the present time would 
vanish. 

The amount of high grade mental energy rep- 
resented in the technical subject matter of a conven- 
tion of this kind is truly prodigious and this particular 
meeting was no exception to the rule. The technical 
subjects considered involve practically the entire 
range of physics and mathematics together with the 
knowledge of materials and processes evolved through 
centuries of scientific effort and learning; many of the 
papers, indeed, are so complex that only those special- 
izing in the respected branches of the art are capable 
of discussing them. 

As in other branches of human endeavor the art 
or science of electrical engineering has grown to such 
an extent that it is too vast for any single individual 
to understand more than a small portion of it. As 
a matter of fact, many, if not the major portion of 
those attending these conventions, are specialists of 
one kind or another and, naturally, are interested 
primarily in papers or sessions involving their own 
branch of the field. That is the reason for having 
simultaneous sessions. The power transmission engi- 
neer, for example, is vitally concerned with papers 
presented at the power transmission session but ex- 
hibits only a cursory interest in the sessions on com- 
munications. For the same reason, the communica- 
tion engineer who delights in the intricacies of tele- 
phone switching systems is not greatly concerned 
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about the latest developments in high speed relaying 
practice disclosed at the transmission sessions. 

From the standpoint of the specialists there is 
therefore much to commend in the practice of holding 
simultaneous sessions but it works hardship upon the 
well-meaning editor of a technieal publication en- 
deavoring to cover the convention as a whole. For 
aside from his sheer inability to make himself ubi- 
quitous, the practice of holding simultaneous sessions 
tends to inerease the degree of specialization of the 
papers. 

The cable engineer or the electrical machine de- 
signer or the transmission engineer each have their 
respective interests and to that degree the conven- 
tion satisfies their needs but the poor editor who 
after all does not know very much about anything’ 
is assumed to know all about everything. He goes 
to the meeting with the object of bringing back a 
word picture of the convention so that the readers of 
his publication will know what happened. His job 
simply is to condense the abstruse and complex ma- 
terial contained in 76 voluminous technical papers into 
an easily read 4 page report so that his readers may 
read as they run. 

Quite obviously this is difficult, in facet impossible 
and in the limited space available we shall make no 
attempt to do this; we shall make no attempt to dis- 
cuss the subject matter of the papers in any degree 
of detail. Rather, we shall endeavor to present a 
broad view of the convention—a picture which will 
portray to some extent the condition of the field as a 
whole and show what electrical engineers are doing 
and what they are concerned with. 

One.thing which impresses us.at these meetings is 
that apparently no problem or need that arises is too 
difficult to solve. Regardless of how complex, no 


1Though he never admits it. 
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New high power air breaker described at the Protective Devices Ses- 

sion by R. C. Dickenson of Westinghouse. Rated at 15 kv., 3000 amp. 

continuous, this breaker has interrupted currents of 37,000 amp. 
repeatedly 


matter how involved the problem, given sufficient 
time, engineering and research today seems able to 
find the answer. 


Circuit INTERRUPTION AND SysTEM PROTECTION 


A deeade ago, one of the major problems in the 
electric power industry was that of circuit interrup- 
tions. Advanced as they were, the circuit breakers 
of ten years ago were hopelessly inadequate to meet 
the growing requirements of system operation, further- 
more they were large, expensive and cumbersome. 
These thoughts came to mind as we sat in on the 
session on protective devices at this meeting and 
learned about the characteristics of the latest types of 
oil and air cireuit breakers—breakers which approach 
in performance the fastest high voltage breakers in 
the world but at a cost of much less than the fastest. 
These multiple unit ‘‘De-ion’’ grid breakers have 
their origin in Dr. Slepian’s theory of de-ionization 
first disclosed at one of the winter conventions less 
than ten years ago. These new grid contacts and 
auxiliary mechanisms were placed in the tank of a 
ten-year old type of breaker and then subjected 
single phase to ground fault currents of as much as 
6000 amp. at 220 kv. corresponding to 2,250,000 kv-a. 
on a three phase basis. At a frequency of 50 cycles 
per sec. the average interrupting time was 2.6 cycles. 

While this does not imply that all circuit inter- 
ruption problems have been solved, it does indicate 
that sufficient knowledge of fundamentals has en- 
abled us to meet our requirements as they grow for 
today breakers of this order of performance in con- 
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junction with modern relay systems are capable of 
meeting the needs of our longest and highest voltage 
systems to a high degree. 

At this same session on protective devices where 
the details and operating characteristics of these 
multiple grid De-ion breakers were disclosed, two 
other papers dealt with new high capacity air circuit 
breakers also of the De-ion type. One of these in- 
volved 15 kv. multiplase air breakers—the largest air 
circuit breakers in the world. Described by R. C. 
Dickinson of Westinghouse, this breaker has a con- 
tinuous rating of 3000 amp, and during routine tests 
has interrupted 37,000 amp. (half a million kv-a.) ona 
single pole and has closed against peak currents of 
more than 100,000 amp. 

Mr. Dickinson stated that after a series of 21 tests 
in rapid sequence at high currents, which is equivalent 
to many years of central station service, the circuit 
breaker was dismantled for inspection, was found to 
require no repairs or replacement of parts and was re- 
assembled to be put through another series of gruelling 
tests. 

RELAYS 


As implied in the foregoing consideration of cir- 
cuit breaker development, relay practice is closely 
associated with the circuit breaker art. This is so 
because the circuit breaker is usually the terminus 
of the sequence of events set in operation by a fault 
with the relay system as its channel of transmission. 
A high speed circuit breaker is of little use unless the 
relay system has similar speed characteristics. About 
1930 manufacturers introduced the high speed circuit 
breaker with an operating speed of about 8 cycles and 
at the same time engineers awoke to the possibilities 
of high speed or one cycle relays. In view of almost 
ten years’ experience with relays of this type it seemed 
desirable to present a review of this experience and 
to that end the Relay Subcommittee of the A.I.E.E. 
Protective Devices Committee presented a report at 
this convention. This report presented at the session 
on relays indicated that while the ideal relay scheme 
sc earnestly sought after has not been found, the 
efforts made in that direction have not been in vain. 

This report showed that the instantaneous over- 
current relay, despite the development of other types, 
provides a simple inexpensive means of obtaining 
high speed relay protection over a considerable por- 
tion of the line length and offers possibilities in the 
way of system improvement of which full advantage 
has not been taken. Distance relays have proved 
themselves reliable if carefully applied and main- 
tained and are widely used. Carrier current or metallic 
pilot protection appears to be the first choice of high 
speed protective systems whenever the expense is 
justified. 

The whole question of relays and relaying is com- 
plex and involved and the proper application of re- 
lays requires a wide knowledge of all aspects of trans- 
mission systems, particularly with reference to tran- 
sients. The question of high speed bus protection for 
example can be successfully solved only if proper 
steps are taken to prevent the operation of the dif- 
ferential relays on transients. This particular aspect 
of relay operation was presented in another Relay 
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Subcommittee report at the relay session. The recent 
occurrences of several serious switchboard fires ere- 
_ ated considerable interest in this subject and the 
report was based on data regarding bus protective 
schemes from 34 companies. 

The question of relaying was also touched upon in 
the paper at the ‘‘Transportation’’ session by E. L. 
Harder of Westinghouse who described what was 
termed the fastest fault clearing system in the world 
for heavy power systems. This is the system used 
on the newly electrified New York-Washington-Har- 
risburg section of the Pennsylvania R. R. On this 
system a fault can be cleared in a total of 0.04 second. 
One feature of particular interest regarding this 
system is that the relays are so ‘‘intelligent’’ that 
they will clear a fault current that is less than the 
maximum load current of the line. The locomotives 
and cars on the system do not have main circuit break- 
ers; major faults on the moving equipment are cleared 
at the substation by the opening of the trolley circuit. 


Switcu House MopERNIZATION 


The recent fires in switchhouses referred to above, 
in addition to stimulating interest in high speed re- 
laying for bus protection has also directed attention 
to the design of the switch house itself and practi- 
eally the entire power generation session was devoted 
to this question. Each of the four papers presented 
at this session dealt with the reconstruction or mod- 
ernization of large switch houses. Two of these were 
specific cases, that involving the L Street Station 
switch house in Boston and the other the switching 
facilities at Eessex Station of the Public Service Elec- 
trie and Gas Co. 

The two remaining papers dealt with the subject 
generally, one being presented by A. M. de Bellis of 
the Consolidated Edison Co. of New York and the 
other by H. E. Strang and W. H. Hanna, both of the 
General Electric Co. 

These papers naturally were concerned with mod- 
ernization not with history, but it was disappointing, 
in view of the disastrous Hell Gate switch house fire 
of January 1936 that Mr. de Bellis’ paper gave prac- 
tically no reference to that event. 

In the case of the New England hurricane last 
September, the convention devoted the entire last 
session to a discussion of that disaster from the stand- 
point of the public utility services, i.e., the railroads, 
the power systems and communication. This naturally 
was of tremendous interest. The New England hur- 
ricane was the greatest disaster which ever struck this 
country and the Institute is to be commended for 
having included a discussion of it in the program. 

It was this emphasis on this natural disaster, how- 
ever, that made the absence of discussion of the Hell 
Gate disaster more significant. Man it seems is re- 
luctant to direct attention to disasters which are the 
consequence of his own efforts. 

The hurricane session was extremely interesting 
not only because it demonstrated the fine work of 
all the public utility agencies in restoring service as 
quickly as humanly possible but also because it gave 
those from outside of New England some idea of the 
tremendous damage caused by that storm. The ses- 
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sion opened with a general review of the storm by 
Walter Weselius of the Red Cross. 


ENTERPRISE AND SOCIAL PROGRESS 

Another session of general interest was that on 
Wednesday morning when Dr. Virgil Jordan delivered 
an address on Enterprise and Social Progress. Dr. 
Jordan as president of the National Industrial Con- 
ference Board, Inc., is naturally well qualified to 
speak on a subject of this character and his address 
was quite interesting but as always with subjects 
of this kind, not entirely convincing. It was. the 
difference between this address and those of technical 
interest that gave rise to the thoughts expressed in 
the opening paragraphs of this report. It seemed to 
us that if we could discuss our social and economic 
problems with the same conciseness and clarity that 
we do our technical problems, we would soon be able 
to solve them. This is no reflection upon our econo- 
mists or on their methods of approach. Engineers 
and scientists, when they discuss social problems, have 
no more success than the economists and sociologists. 
To begin with there is the confusion regarding the 
meaning of the words. When an engineer refers to, 
say, system stability, or some similar technical con- 
ception there is little question in engineers’ minds as 
to which is meant. But when an economist, as Dr. Jordan 
is, refers to social progress, it is not necessarily clear 
to everybody as to which is meant. Social progress to 
one person means something different from what an- 
other person believes it to be. It was for this reason, 
no doubt, that Dr. Jordan at the beginning of his 
address gave his definition of social progress. Social 
progress as he put it is to develop, relieve and utilize 
enough of human energies to enable the combination 
of enough material and physical energy to defend 
society. 

In terms of this conception of social progress Dr. 
Jordan then discussed the two principles upon which 
all different societies are based: 1, Enterprise, and 2, 
Authority. These he said are the two principles of 
human organization. The first he pointed out did not 
come into existence until about 100 years ago—before 
that all societies were founded upon the principle of 
authority. 

Our democracy, he said, was founded upon the 
enterprise principle, and though there had been some 
tendency in recent years to introduce more of the 
‘‘authority’’ principle, he believed that this had gone 
about as far as it could go and that from now on 
there would be a re-assertion of the enterprise prin- 
ciple in this country. He was, he said, a little more 
optimistic than he had been in recent years. 


CoMMUNICATION 


The two sessions on ‘‘communication’’ were of in- 
terest not only because of the variety of interests of 
the papers, but particularly because of two papers, 
one by Dr. J. H. Dellinger of the Bureau of Standards 
on ‘‘The Role of the Ionosphere in Radio Wave Propa- 
gation’’ and the other by F. J. Seudder and John N. 
Reynolds of Bell Telephone Laboratories on ‘‘The 
Crossbar Dial Telephone Switching System.’’ 

The communication art at the present time is broad 
and complex and its technique involves the whole field 
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of physies and electricity. While there were a num- 
ber of other interesting papers on various phases of 
communication, the two mentioned were of particular 
interest in that they represented two widely diverse 
branches of the art, one dealing with the transmission 
of electric waves through space and the other with 
facilities for transmitting voice currents across vast 
and complex metallic networks. 

When Marconi electrified the world in 1901 by 
sending radio signals across the Atlantic he inci- 
dentally proved that the upper atmosphere is electrified. 
Diffraction was insufficient to explain the bending 
of the electromagnetic waves around the thirty de- 
grees of the earth’s curved surface. The waves could 
not penetrate the earth. So there was only one way 
they could go the incredible distance and that was 
by reflection from one or more conducting strata in 
the atmosphere. This proved to be the case, and to- 
day this conducting strata is called the ionosphere 
because it consists of a region where the molecules of 
the atmosphere are highly ionized, a condition in- 
duced by the radiation from the sun. 

The existence of this ionized region has served to 
explain all the vagaries of long distance radio trans- 
mission and Dr. Dellinger’s paper was a resumé of all 
the experimental and theoretical work that had been 
done in this field during recent years. It constituted 
an admirable summing up and anybody even casually 
interested in the subject will find the paper of interest. 

The paper on the Crossbar Dial Switching System 
served to demonstrate the great advance in another 
branch of the communication field, that of wire tele- 
phony. Sixteen years ago, in February, 1923, a paper 
was read before the Institute by Craft, Morehouse and 
Charlesworth of the Bell System, which outlined the 
history and the problems involved in telephone central 
office switching and described the panel dial central 
office system which had just been developed. Since 
that time 456 panel dial offices serving nearly 414 
million subscriber stations have been installed in 26 
different cities. During these years many improve- 
ments have been made to make the panel system more 
serviceable to the telephone public, but in addition the 
Bell engineers continued their search to find new and 
better means of meeting switching demands. This 
work has resulted in the adoption of the ‘‘crossbar”’ 
type of central office switching equipment described in 
this paper. This crossbar system is an ingenious 
system making use of a crossbar switch for all major 
switching operations. It is essentially a relay system 
employing simple forms of relays and relay type 
structures, and represents a great advance in the field 
of telephony. 

It was while trying to follow the speaker through 
the intricacies of this marvelous product of human 
ingenuity that we thought again of Dr. Virgil Jordan’s 
discussion of our social problems. No matter how 
complex or how involved our technical problems, our 
fundamental knowledge of science enables us to over- 
come most obstacles, but this is not true when we deal 
with problems involving man’s relation to the world 
he lives in. Complex and highly specialized as the 
telephone art is, we felt after the presentation of the 
paper that we knew something about it—at any rate 
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we felt that the work was in good hands and that 
whatever problems still remained to be solved, they 
would be solved. But we were left with no such feel- 
ing at the conclusion of Dr. Jordan’s address. Noted 
economist that he is, and though his conclusions were 
colored with some optimism, his address still left us 
much in the dark. 


ON THE TEACHING OF ELECTRONICS 


Among the various activities of these A. I. E. E. 
conventions the informal conferences on selected sub- 
jects have been features of particular interest during 
recent years. At this meeting there were five such 
conferences, one on ‘‘Sound,’’ one on ‘‘Electronics,”’’ 
another on ‘‘Network Analysis,’’ a fourth on ‘‘the 
teaching of Communication and Electronies,’’ and 
finally one on ‘‘ Definitions.’’ 

These conferences are a valuable feature of the 
convention because no formal papers are presented 
and the discussions are entirely informal. Since noth- 
ing said at these conferences is printed, those attend- 
ing feel free to discuss the subjects without the re- 
straint that inevitably is imposed by more formal 
situations. 

The conference on the teaching of Communication, 
Engineering and Electronics was very interesting, 
since it showed the extent to. which interest in elec- 
tronics has grown. At one time the subject of elec- 
tronics was merely a branch of the Communication 
courses, but the field of electronics has grown to such 
an extent that today electronics occupies a field all 
its own. Among other things at this conference the 
question of teaching students something regarding the 
construction of electron tubes came up for discussion. 
Some of the college professors seemed to favor this, 
but Mr. Thompson of R. C. A. was opposed to it on 
the grounds that a little knowledge is a dangerous 
thing and that R. C. A. would rather teach a new man 
the highly specialized art of tube manufacture in 
accordance with their vast knowledge of the subject, 
than to have to ‘‘unteach’’ a student the little knowl- 
edge of the subject he picked up at school. 

One thing was quite definite at this conference and 
that was the general agreement that the subject of 
electronics had grown to such an extent that it could 
be classified as a separate branch of electrical engi- 
neering. 


GENERAL FEATURES OF THE MEETING 


The convention had the usual full social program 
with a smoker and dinner dance and the Edison Medal 
Presentation on Wednesday evening. The Edison 
Medal this year was awarded to Dr. Dugald C. Jack- 
son and at the same time the John Fritz medal was 
awarded to Dr. Frank B. Jewett of the Bell Telephone 
Laboratories. 

There were a number of interesting inspection 
visits to various places of general and technical inter- 
est, including, of course, one to the New York World’s 
Fair. 

The meeting was well attended, in fact the total 
registration of 1585 was fhe largest of any winter 
convention since 1931. 
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DELRAY EXTENSION 
A Product of 


Engineering Development 


Beat DECEMBER a new 75,000-kw. turbo-generator was put into operation at the Delray 
plant of The Detroit Edison Co., others are in the course of construction. For a third of 
a century designers of power plants have studied with extreme interest every major engineering 
development put into operation by this public utility company which, although conservative 
in 2 practices, has been a distinct leader in the field, iargely because of its sound engineering 
olicies. 

; Delray has been historic from an engineering standpoint. Practices which were inaug- 
urated here are reflected in the designs of power plants from coast to coast and just why 
certain changes have been and are now being made, as told by the engineering staff of this 
company, will be studied by the leading engineers of the country for the use they can make 
of the information to be initially published in the pages of this magazine. 

In presenting these articles, which will be published in serial form extending over the 
major part of a year, emphasis will be placed upon the engineering reasoning underlying the 
design of the plant rather than restricting the articles to a recital of physical equipment and 
performance figures. It will be the aim, therefore, to give account of why things were done 
as they were and what other promising ideas were also considered and rejected for one reason 
or another, 

Following the present installment which introduces the serial with a brief historical sum- 
mary of the power plant developments at Delray and an account of the buildings and prime 
movers, subsequent installments, which will be published bimonthly, will cover: the coal han- 
dling; fuel burning equipment, with a discussion of zone air control and Noblo tuyeres; steam 
generators, with a discussion on superheat control; the plant operating cycle and heat balance: 
piping; condensers; auxiliaries; feedwater heaters and an account of operating experiences 
with the new equipment. 

The actual writing of these articles is being done by Max W. Benjamin of the company's 
Engineering Division, but the technical information and engineering opinions expressed will 
represent the thinking of the entire engineering staff. All manuscript is reviewed by the 
engineers ultimately responsible for designs discussed in the articles. The department heads 
of the engineering staff include: Paul W. Thompson, Chief Engineer of Power Plants, project 
engineer in charge; William C. Miller, Superintendent of the Electrical System; Arthur S. 
Douglass, Construction Engineer; and James W. Parker, Vice President and Chief Engineer. 

Detroit Edison Co.'s engineers have here an extremely important contribution to make to 
engineering knowledge and the publishers of POWER PLANT ENGINEERING deem it a 
privilege as well as a duty to serve the field by publishing this helpful information. 


Ralph E. Turner 
Editor 
POWER PLANT ENGINEERING 
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High-Pressure Extension of 


"DETROIT EDISON’S 


Delray Power House 3 


Historical Sketch 


be SEPTEMBER, 1881, the Brush Electric Light Company began to operate series arc-lighting 
circuits connected to lamps hung outside of stores on lower Woodward Avenue, and in 
1883 it contracted with the City for street lighting. The Edison Illuminating Company of 
Detroit was organized April 15, 1886, having as one of its purposes the operation of the 
Edison system of direct-current lighting and power in the City of Detroit. In November, 1886, 
it began serving the Central business area of the city with direct current. The Peninsular 
Electric Light Company incorporated June 16, 1891, succeeded the Brush Company, and in 
that year began the supply of alternating current for incandescent lighting. The Peninsular 
Company was reorganized under the same name on June I7, 1898, and came under the 
management of The Edison Illuminating Company of Detroit. When The Detroit Edison 
Company was incorporated in 1903, The Edison Illuminating Company of Detroit and The 
Peninsular Electric Light Company "owned, directly or by assignment, all the electric distribu- 
tion franchises outstanding in the City and its vicinity .' Because the laws of the State 
of Michigan did not, at that time, “provide for the incorporation of a company with adequate 
capital, nor for a general electric light and power business being done in Michigan by a 
corporation of another state," it was planned that The Detroit Edison Company should build, 
own, and operate, a power plant and deliver its output to “companies qualified under 
Michigan laws to distribute and market electricity." ''The purchase of all the securities of the 
two Detroit Companies" by The Detroit Edison Company “was according to this plan, and 
these continued to be our distributing and selling companies in Detroit and — until 
July 1, 1915, when —————— The Detroit Edison Company undertook to do business directly 
with its public, without intervention of subsidiary corporations,’ 

Quotations from "Twenty-Five Years," an illustrated history of The Detroit Edison Com- 
pany from 1903 to 1928. 


POWER PLANT ENGINEERING 








DELRAY PLANT 


By 
MAX W. BENJAMIN 


Engineering Division, 
The Detroit Edison Company 


NE OF THE first undertakings of The De- 
troit, Edison Company as such after its or- 
ganization in January, 1903, was the con- 
struction of a steam-electric generating 
station in the village of Delray. In August 

of 1904, this plant, known as Delray Power House 
No. 1, began operations with two 3000-kw vertical 
steam turbo-generators delivering their output. as 
bulk power to distribution companies in the City of 
Detroit. During the 35 years that have elapsed since 
that time the increase in number of customers and the 
growth of their individual demands necessitated the 
rebuilding of Power House No. 1, the erection of Del- 
ray Power House No. 2 and the first section of Power 
House 3, as well as the construction of power plants 
at Conners Creek, Marysville, and Trenton Channel, 
resulting in a total generating capacity of 860,000-kw. 
Finally, in 1937, it became necessary to return to the 
scene of the Company’s first project where a 225,000- 
kw extension of Delray Power House No. 3, see front- 
ispiece, is now in process of construction. The last 
previous major program was the modernization and 
extension of Conners Creek plant, described in detail 
in Combustion magazine November 1935 through June 
1936. At Delray, old Power Houses No. 1 and No. 2 
have long since been shut down and dismantled be- 
eause of obsolescence. Power House No. 1 buildings 
have been torn down, while the buildings of Power 
House No. 2 are being used by the Company’s salvage 
department as a warehouse for storing heavy ma- 
chinery. 

In Delray Power House No. 1, the production of 
a kilowatt-hour originally required the expenditure 
of from three and a half to four pounds of coal. The 
improvement in economy with advances in the power 
plant art as applied to the growth at Delray is shown 
in Table I, and, as indicated, the extension of Delray 
plant operating on the regenerative cycle using throt- 
tle steam at 815 psi g 900 F will generate a kilowatt- 
hour, net, for considerably less than one pound of 
coal. The engineering principles underlying this re- 
markable improvement in efficiency are quite well 
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Part |. In this installment, the first of a series of 
five articles dealing with the most recent engineer- 
ing and construction work carried out in Delray 
Plant, the author discusses plant economy, foun- 
dation requirements, building structures, machin- 
ery locations, and details of the turbines and gen- 
erators making up the prime movers. 


known and will be discussed here only to the extent 
needed for the purpose of this account which is to 
indicate how these principles have been applied in 
the extension of the plant. 

Wherever this account compares the extension 
with the first section of Delray 3 it should be borne 
in mind that while the extension represents the com- 
pany’s latest practice, the first section still is a mod- 
ern plant. Technical advances that have been made 
since the beginnings of Delray 3 are indicated, but 
there is not the opportunity for spectacular contrasts 
such as can be pointed out in the case of modernizing 
an obsolete station. 

The earlier Delray plants were built either upon 
spread footings or upon foundations of the floating- 
mat type, both resting upon clay subsoil. While these 
foundations carried their loads reasonably well, there 
was a considerable amount of settlement in some sec- 
tions of the plant, which led to the conclusion that 
the mat-type foundation on Delray subsoil would 
not be suitable to carry the heavier loadings to be 
imposed by Delray Power House 3. It appeared neces- 
sary to extend the foundation work to bed rock for 


TABLE I—STEAM CONDITIONS AND FUEL 
ECONOMIES OF DELRAY POWER HOUSES 








Coal Rate 
Lb. per kw-hr. 
3.51 


3.21 


. Steam Conditions 


Delray PH 1 Psig PF 
1904-1906 190 550 
1907 “é “e 

Delray PH 2 
1909 

PH 2 and PH 1 rebuilt 
1912 
1918 

Delray PH 3 
1929 
1933 
1937 

Delray PH 3 Extension 
1938 


2.40 


2.20 
1.92 


1.195 
1.078 
1.037 


less than 0.9 
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the new plant, and the development of a caisson-type 
foundation was undertaken. 

Rock formation at Delray lies about one hundred 
feet below grade and carries veins of sulphuretted 
water, while above the rock is first a stratum of hard 
pan and above this a soft, mobile, blue clay which 
drifts into any excavation. The method ultimately 
adopted was to drill holes to hardpan, using a four 
and one-half foot diameter, engine-driven, water-lubri- 
cated auger. The mud formed by mixing the loosened 
earth with the lubricating water was left in place 
to exert hydraulic pressure against the surrounding 
earth and thus prevent the drift of soil into the hole. 

When hardpan was reached a vertical steel cyl- 
inder was sunk through the mud and driven far 
enough into the hardpan to anchor the cylinder and 
provide a seal against the influx of water. The mud 
core inside the cylinder then was excavated with a 
bailer and orange-peel bucket. Hardpan at the bot- 
tom of the cylinder was excavated by hand digging. 
In many eases it happened there were fissures in the 
bed rock through which sulphur-charged water en- 
tered the caisson. It was necessary to seal the fissures 
to permit pouring the concrete and to protect the 
freshly poured material from the possibly harmful 
effects of the sulphur water. The treatment here was 
to force liquid cement-grout at high pressure into 
the fissures through six-inch pipe wells driven into 
the rock adjacent to the caisson. The dry hole then 
was filled to grade with concrete. This method of 
construction is now used quite extensively for deep 
foundations in the Detroit area and has proven en- 
tirely satisfactory for such work. Caissons for the 
extension of Delray were sunk and foundations poured 
in 1931 when construction men were available and 
in need of useful work. 
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Fig. |. Operating floor plan of the 
ultimate plant 


Delray Plant 





Building Structures 


HE FIRST section of the present Delray plant 

consists of a boiler house containing five boilers 
and one vacant boiler bay, an auxiliary bay which 
houses three direct-current geared turbo-generators, 
and a turbine room housing three 50,000-kw turbo- 
generators operating on throttle-steam conditions of 
375 psi g 700 F. The vacant boiler bay housed for 
some time an oil-fired 1000 F superheater used in 
connection with a 10,000-kw experimental high-tem- 
perature turbo-generator. The separately fired super- 
heater used in that experiment has been dismantled, 
and the 1000 F turbo-generator is being rebuilt for 
topping service as a link between the old and new 
sections of the plant. 

As a second step in the plant construction, the 
buildings have been extended to house six additional 
boilers, three more d-c auxiliary machines, and three 
75,000-kw main turbo-generators. A seventh boiler 
probably will be installed in the boiler position made 
available in the first section by removal of the oil- 
fired superheater. The operating floor plan of the 
completed plant is shown in Fig. 1. Transverse views 
of the first section of the plant and of the extension 
are shown in Figs. 3 and 4. 


BortER House 
The boiler house was Originally laid out to ac- 
commodate two rows of fairly high capacity boilers, 
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the building columns being arranged on centers 30 ft 
by 30 ft in the boiler area with all transverse aisles 
18 ft wide and with longitudinal aisles 30 ft wide 
between the two rows of boilers and between the 
boilers and turbine-room wall. The longitudinal aisle 
between the boilers and outer building wall is 25 ft 
wide. Since boilers of adequate capacity to serve 
the new turbine units could be installed within the 
original column spacing, the steel for the new boiler 
house was extended with identical centering. Al- 
though the new boilers are taller than the old ones 
by some 5 ft to the center-line of the uppermost drum, 
it was possible by careful planning and arrangement 
to continue the fan-room floor, main roof, and coal 
handling equipment in the upper regions of the boiler 
house at the same elevations as in the first section 
of the plant. 

Three self-supporting steel stacks identical with 
those of the first section of the plant have been 
erected on the extension. These stacks, which are 
13 ft 6 in inside diameter, extend 12714 ft above the 
boiler house roof and terminate at an elevation 270 
ft above grade. 

The boiler-room operating floor and the boiler 
structure itself are at elevations which permit dump- 
ing the furnace refuse directly into railroad cars that 
are run in underneath the clinker-grinder pit. The 
space below the central operating aisle provides ample 
room for accommodating certain miscellaneous equip- 
ment, including a boiler-tube-bending machine used 
to bend replacement tubes for boilers of all the power 
plants and central heating plants of the Company. 

In overall dimensions the boiler house is 306 ft 
long, 145 ft wide and 142% ft high. 


TURBINE HousE AND AUXILIARY BAY 


The turbine house of the completed plant is a 
structure approximately 384 ft long, 100 ft wide, and 
106 ft high. Interposed between the turbine room 
and boiler room is an auxiliary bay, essentially a part 
of the turbine house, 30 ft wide, 63 ft high, and 360 
ft long. 

The main-turbine room, which was laid out orig- 
inally for six 50,000-kw turbo-generators, is of ample 
proportions to accommodate three 75,000-kw units 


‘ 


Fig. 2. Waterman station, which 
controls Delray output 
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in the extension in addition to the three 50,000-kw 
machines already installed in the first section. Actu- 
ally, as may be noted in Fig. 1, the floor space re- 
quired for one of the 75,000-kw units is somewhat 
less than that for one of the 50,000-kw machines. 
This results from the increased density of the throttle 
steam, the increase of rotational speed from 1200 rpm 
to 1800 rpm, and the use of only 17 stages in the 
new turbine in place of 21 stages in the older machines. 

The turbine room proper is entirely free from 
auxiliary equipment of any kind. There are no boiler- 
feed pumps, motor-generators, vacuum pumps, heaters, 
or any other operating appurtenances on that part 
of the floor between crane columns in the main-turbine 
room. 

Crane facilities in the main-turbine room exten- 
sion were provided merely by extending the rails and 
trolley for the existing 125 ton crane, which is ade- 
quate to handle any part of the new turbo-generators. 

The auxiliary bay houses the direct-current gen- 
erators, three of which are turbine-driven geared 
units installed with the first section of the plant. The 
extension of the auxiliary bay will contain two 2,000-kw 
motor-generator sets and one turbine-driven geared set 
of 4,000-kw capacity operating on 815 lb 900 F steam. 
A 10,000-kw superposed unit using the generator and 
some of the turbine parts from the experimental high- 
pressure machine previously referred to also will be 
installed in the auxiliary bay between the old and new 
sections. A crane of 35 tons capacity serves equip- 
ment located in this bay. 

Boiler-feed pumps, main condensers and their 
auxiliaries,” generator-air coolers, and miscellaneous 
pumps, are located in the basement of the turbine 
house. Feedwater heaters, evaporators, and auxiliary 
condensers are located on a mezzanine below the auxil- 
iary bay between the turbine room basement and 
operating floors. 


ScrEEN HousE AND CANALS 


When the first section of Delray Power House 3 
was built, the forebay of the old intake canal was im- 
proved with the idea that it would be adequate for 
the ultimate Delray plant. On the west side of the 
forebay a half of the ultimate screen house was built 





Fig. 3. Typical cross-section 
of the 375-lb 700 F plant, 
view looking south 


50,000 KW 
TURBO- GENERATOR 


and equipped with screens to serve three main units, 
while two intake tunnels, each adequate for two main 
turbo-generators, were constructed between the screen 
house and power plant. With the advent of the new 
75,000-kw machine the screen house was completed and 
additional screens installed to serve the new unit. 
When the second 75,000-kw machine is installed, it will 
be necessary to build a third intake tunnel to the 
power plant, and for the ultimate plant it may be 
necessary to install more screens. 

The Power House 3 overflow canal was built for the 
future, looking to an ultimate capacity of 600-000-kw 
on the Delray site. It was so arranged that the over- 
flow from the older Delray plants discharged into it, 
and is designed for a future connection from a large 
plant to the north of Power House 3. 

The margin of canal capacity for future growth at 
Delray has been increased as a result of progress in 
the power plant art. Due to the increased throttle 
pressure and temperature and to the relatively greater 
amount of steam bled, the condenser steam flow of the 
75,000-kw unit is only 6.18 Ib. per kwhr, while the older 
50,000-kw machines have a condenser steam flow of 8.11 
Ib per kwhr. Chlorination of the condenser-cooling 
water also increases the canal capacity margin, since 
it maintains the tubes in a clean condition, thereby 
permitting a marked reduction in the amount of cool- 
ing water used as compared with regular practice 
when Delray Power House 3 was first designed. 

Switching, and the regulation of load and voltage 
of the generators in the Delray plant are controlled in 
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the Waterman Station, shown in Fig. 2, some 2000 ft 
north from the power house. Waterman Station was 
built originally in 1920 to handle the output of Power 
House 2 which, until then, had delivered its output 
directly to large industrial customers as well as to 
various substations. In 1928 the station was modern- 
ized and enlarged to accommodate the first three 
50,000-kw units in Power House 3. After the third of 
these units was installed, Power House 2 was shut 
down. The present switching station is adequate for 
the three 50,000’s, for the 10,000-kw superposed unit, 
and for two 75,000’s. An extension of the switching 
station will be necessary when the third 75,000-kw unit 
goes in. 

Experience with the modernized Waterman Station 
weighed heavily in the design of Essex Station de- 
scribed briefly in the Conners Creek modernization 
article previously referred to, and more extensively in 
‘*Electrical Engineering’ for January, 1934. An 
account of the Waterman Station appears in ‘‘Elec- 
trical World’’ for May 24, 1930. Features of the 
design and construction of Waterman, summarized 
from the ‘‘Electrical World’’ article, are as follows: 

(1) The basic principle of design is the complete 
inclosure of each phase conductor in a grounded metal 
housing so that line-to-ground is the only fault possible. 
This has been accomplished in all cases except at bus 
potential transformers, which are protected by fuses 
and resistors mounted in separate phase compartments, 
and cable potheads that are mounted in metal housings 
grounded separately from the bus and switch housings. 


POWER PLANT ENGINEERING 





Fault protection is provided by current transformers : 


in the ground connections which actuate relays to trip 
breakers in the faulted section of the station bus. 

(2) Possible damage from explosions and oil fires is 
minimized by the use of live pot H-breakers, metal- 
inclosed air-cooled reactors, air-insulated buses, and the 
division of the building into separate switch rooms by 
means of barrier walls. 

(3) The H-breakers are mounted in individual cells 
which are connected to a ground-network. Every rea- 
sonable effort is made to confine fault currents to defi- 
nite predetermined paths to ground and to keep them 
away from reinforcing rods, conduit, and building steel. 

(4) Doors of disconnecting and oil-switch compart- 
ments are interlocked with their corresponding circuit 
breakers in such a way that it is impossible to open a 
switch compartment until after the breaker has been 
opened. 

Since the 1928 modernization of Waterman Station 
two rooms have been added to accommodate bus and 
switches for tie lines from other major switching sta- 
tions. One of these, Navarre, handles part of the 
power generated at Trenton Channel and the other, 
Essex, handles the entire output of the Conners Creek 
plant. Additional reactors were installed at Water- 
man as a means of limiting short circuit values which 
would otherwise have been imposed by the new high- 
capacity generators at Delray. 

Figure 5 is a diagram of The Detroit Edison Com- 
pany electrical system showing the relationship of 
Delray plant and Waterman Station to the system. 


FURNACE 
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BuILpINGs SUMMARY 
All major dimensions of the building extension 
duplicate the corresponding items in the first section 
of the plant. Column centers and elevations have all 
been kept the same as in the original building. As a 
result, the completed building structure presents a 
unified architectural appearance inside and out. After 
a good exterior cleaning the brickwork of the first sec- 
tion matches perfectly the new part of the building. 
The frontispiece shows the completed plant, looking 

southwest toward the turbine house. 
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Prime Movers 


HE SELECTION of prime movers for the Delray 

extension involved two major problems, namely, 
what size units should be used and what initial steam 
conditions should be selected. Each of these problems 
consists of several factors. 


S1zE oF UNIT 


The principal considerations involved in deciding 
upon the size of the unit are 
(1) the capacity of the electrical system (measured 
in kw) 


Fig. 4. Typical cross-section 
of the 815-lb 900 F plant, 
view looking north 
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Fig. 5. Diagram of Detroit Edison electrical system 


(2) the expected rate of load growth of the system 
and of the area served by Delray Plant 
(3) the effect on ‘‘firm capacity’’ of both plant and 
system 
(4) the effect of size on cost per kilowatt of ca- 
pacity. 
Some of these factors favor a large unit while others 
weigh in the direction of a smaller size. It is obvious 
that some particular relationship between the size of 
the generating unit and the capacity of the system it 
serves will produce the optimum result from the stand- 
point of investment as well as operating economy. For 
example, an over-large unit might have to be kept in 
operation at poor economy during light-load periods 
because of the expense involved in frequent starting 
and stopping, or because its continued operation was 
required to maintain adequate running reserve. From 
the investment standpoint too large a unit is undesir- 
able since it necessitates the installation of a relatively 
larger amount of reserve capacity in additional 
machines to cover its outage, if system reliability is to 
be assured. This will be covered more completely 
under the comments on ‘‘firm capacity.’’ The unit, 


therefore, should be of proper size to fit well in the © 


loading schedule and to minimize the required amount 
of reserve capacity. 

From a construction viewpoint it often is advisable 
to install units of a size about one and one-half times 
the annual system-load growth. The reason for this is 
that it takes about 18 months to carry out the work 
necessary to the installation of a large modern unit, 
and because of construction personnel requirements 
it is desirable to have only one major project under 
way at a time. If, however, a slow rate of growth is 
expected in the area to be served by a proposed unit, 
there may be justification for selecting a somewhat 
smaller machine than would be needed in the faster 
growing areas of the system. The Detroit Edison 
system is quite flexible, however, and tie lines between 
the several plants are heavy enough to permit the 
installation of new units in the fastest-growing area 
while the growth in other areas is carried by the sys- 
tem as a whole until such time as operating conven- 
ience and system reliability dictate an inczease in 
generating capacity in the slower areas to relieve the 
tie lines. 
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The Detroit Edison Company’s practice with refer- 
ence to firm capacity and continuity of service may be 
stated as follows: The firm capacity of an individual 
plant is equal to the sum of the ratings of all main 
generators in that plant plus the available aid from 
other sources (that is, tie lines), minus the rated out- 
put of the two largest units in the plant, modified if 
necessary by boiler capacity. This definition recog- 
nizes the need for routine repair of each main unit in 
turn together with the fact that there may be an 
emergency outage of another machine while the first 
unit it still under repair. Although periodic over- 
hauling is scheduled for the light-load season of the 
year whenever possible, nevertheless the coincidence of 
a heavy industrial load and a daytime lighting load 
due to thunder storms is apt, at any time of year, to 
produce a short-time load equal to the seasonal peak. 
This concept of the firm rating of an individual plant 
(or its corresponding load area) is of special interest 
in the design of the electrical system and in the opera- 
tion of an individual plant, and it is fundamental to 
the construction and use of properly proportioned ties 
between the various plants or load areas. 

The firm capacity of the system as a whole is quite 
another matter and is of chief interest to the staff 
responsible for the operation of the entire system. 
System firm capacity is not merely the summation of 
the firm ratings of all the plants in the system as just 
defined. It is assumed, rather, to be the sum of the 
ratings of all main generators in the system, plus the 
available aid from outside sources, less the capacity 
of three machines which are not necessarily the largest 
in the system. These three machines will have, how- 
ever, an aggregate capacity appreciably greater than 
that of the two largest. The capacity at any plant 
must if necessary be modified by the boiler capacity 
there available. For instance, at the present time, with 
its 23 main turbine units aggregating 945,000-kw name- 
plate rating, together with 50,000 kw from inter- 
connections, the Detroit Edison system is assumed to 
have a firm capacity of 840,000 kw. The available 
capacity is made up as follows: 


Total 
Capac- 
ity, kw 


75,000 
150,000 
10,000 


Number and Size 
of Machines 


75,000 
50,000 
10,000 


60,000 
40,000 
30,000 


50,000 
30,000 
10,000 


Plant 


Delray 


Conners Creek 120,000 
40,000 


90,000 
50,000 


90,000 
20,000 


Marysville 


50,000 300,000 


945,000 
50,000 


995,000 


Trenton Channel 


Total in generating plants 
Interconnections , 


Total available 
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Turbo-generator Unit 14 

















Fig. 6. Rotor of 75,000-kw turbine, Unit 14 


Fig. 7. Longitudinal semi-section of 75,000-kw 
turbine 


Fig. 10. 75,000-kw field being moved into 
position within the armature. Note the over- 
hung exciter armature 

Fig. 8. Lower half of Unit 14 turbine casing 

on er ee se —— Fig. |1. Turbine base for 75,000-kw Unit 15, 
identical with that for Unit 14. Unit 14 

condenser in background 
Fig. 9. End view of 75,000-kw generator 
armature 
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Fig. 12. 


View of completed 75,000-kw turbo-generator Unit 14. The instrument on the extreme right is an absolute pressure gage used 


in special test work 


Karlier in the growth of the system it was sufficient 
to assume only two units down in reckoning firm 
capacity, but there are now so many machines involved 
that it may be necessary at times to have two units 
under scheduled repair simultaneously while a third 
maehine may require emergency shutdown. At the 
present stage of system development it will not be 
necessary to schedule two of the largest machines 
for repairs at the same time, and every effort is made 
to plan their overhauls for periods when only one unit 
needs to be down. 

From these definitions it follows that the installa- 
tion of larger machines than those previously used 
does not increase the firm capacity of an individual 
plant beyond that which would be obtained by con- 
tinuing with the previous size, until three of the larger 
units have been installed. In the meantime, the larger 
size involves greater fixed charges per kilowatt of firm 
capacity, thus influencing the decision in the direction 
of smaller units. 

In addition to the three factors discussed above, 
there is at least one more that enters the problem 
of turbine size. In general, the larger the turbine the 
lower will be its cost per kilowatt of rated capacity. 
An exception to this rule occurs at the capacity at 
which it becomes necessary to change from single 
easing to multi-casing design. At that point there is 
an abrupt increase in unit price followed by decreasing 
unit cost as the size is increased still further. 

A unit of 75,000 kw capacity finally was chosen 
for the Delray extension as representing the best com- 
promise of all these factors. 

In the first section of Delray Plant, steam condi- 
tions of 375 psi g and 700 F at the turbine throttle 
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were selected on the basis of the limitations of riveted 
boiler-drum construction, the Company’s partiality 
for the simple regenerative cycle, and the lack of suit- 
able materials for use in superheaters, piping, and 
turbines at temperatures much over 700 F. 

Experience with the 1000 F experimental unit 
at Delray, combined with developments in metallurgy 
and in the design and construction of welded boiler 
drums, led to the selection of steam conditions of 600 
psi g 825 F for the modernization of the Conners Creek 
plant. Satisfactory performance at Conners Creek 
eliminated the need for considering steam conditions 
as low as 375 psi g 700 F for future plants, and con- 
firmed the opinion that the Delray extension should 
operate at 600 psi g 825 F or higher. Therefore, 
an analysis was made using initial steam conditions 
of 600 psi g 825 F, 850 psi g 900 F, and 1200 psi g 
950 F, in the regenerative cycle. 

Compared with 600 psi g 825 F, the studies showed 
a thermal improvement for 850 psi g 900 F sufficient 
to justify not only the slightly greater cost of the 
turbines but also the more important increase in cost 
cf boilers, piping, pumps, feedwater heaters, and the 
like. The case for 1200 psi g 950 F was not so con- 
vineing, however. With the loading conditions that 
ean be expected for Delray over a period of several 
years, the thermal gain between steam conditions 
of 850 psi g 900 F and 1200 psi g 950 F was not great 
enough to pay for the additional investment required. 
It should be borne in mind that these comparisons 
were made for straight regenerative cycles without 
reheat. 

The old section of the plant is modern enough 
to seriously limit the gain that could be made through 
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superposition, irrespective of the initial steam con- 
ditions in the plant extension. Some superposing will be 
done,.as described later on, but this is merely inci- 
dental and could not be given much weight in choos- 
ing throttle-steam conditions for the new condensing 
machines. 

Consideration of manufacturers’ proposals for 
boilers and turbines made in the light of these thermal 
studies lead finally to the choice of 815 psi g at 900 F 
for normal throttle conditions although the turbine 
is designed to withstand steam at 850 psi g 910 F 
as an occasional maximum for periods not exceeding 
15 minutes’ duration. 
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Construction of 
New Turbines 


HE NEW TURBINES rated 75,000-kw at 1800 

rpm are single-cylinder machines having 17 pres- 
sure stages, the first of which is a two-row compound- 
velocity stage. The 18 rows of revolving buckets can 
be seen in the photograph of the turbine rotor shown 
in Fig. 6. The high-pressure turbine casing is of 
earbon-molybdenum steel, split horizontally, each half 
having cast integrally with it the corresponding half 
of the valve chest and first-stage nozzle-chest. The 
upper and lower halves are almost perfectly sym- 
metrical. Three inner shells are used to group the 
diaphragms from stages 8 to 16, thereby helping to 
shorten the span between bearings to approximately 
14 ft. 3 in. The exhaust hood of cast iron is bolted 
to the high-pressure casing practically in the plane 
of the exhaust wheel. 

The turbine wheels are shrunk upon a forged car- 
bon-steel shaft and keyed in position. The first and 
second wheels are forgings of nickel-chrome-molyb- 
denum steel, third to ninth are of carbon steel, tenth 
and eleventh are nickel steel, while the twelfth to 
seventeenth are again nickel-chrome-molybdenum 
steel. All buckets are of corrosion-resisting material, 
in addition to which the last-stage buckets are fitted 
with stellite protecting strips. 

Diaphragms for the first eight stages are of a 
welded type, while cast-in type construction is used 
for the remaining stages. Second and third-stage 
diaphragms are of carbon-molybdenum plate; fourth 
to eighth are carbon-steel plate; ninth to thirteenth 
are cast steel; and fourteenth to seventeenth are cast 
iron. Nozzle partitions of chrome-iron alloy are used 
throughout. 

A comparatively flat economy curve over a wide 
range of loads is obtained by the partial-admission 
governing system employing eight governor-controlled 
valves, all of which admit steam to the first stage 
nozzles. Four control valves are located in the upper 
half of the turbine casing and four in the lower half, 
opening in a sequence alternating between upper and 
lower steam chests to effect uniform heating of the two 
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casing halves. The valves and seats are of nickel- 
chrome-molybdenum steel with stems and bushings 
of Nitralloy. There are no by-pass overload valves. 

The turbine is equipped with a quick-closing, oil- 
operated stop valve having a removable internal steam 
strainer. This valve may be tripped closed either by 
hand or by an automatic oil-trip emergency overspeed 
governor. 

A turning engine, mounted on the middle bearing 
of each new unit and geared to the turbine shaft 
through an automatic release, revolves the turbine - 
rotor at about 144 rpm during the cooling period fol- 
lowing shutdown of the machine. As a result of slow 
rctation the turbine rotor cools uniformly around the 
cireumference, so that bowing of the shaft which 
would occur if the rotor cooled in a stationary position 
is eliminated. Because the shaft cools without bowing, 
the machine is in good condition for quick starting 
when needed and at the same time overall turbine 
efficiency is improved because it is possible to set 
and maintain smaller clearances on the high-pressure 
and inter-stage packings without rubbing. The older 
turbines at Delray originally were installed without 
turning engines, although these devices have been 
added in recent years and new close-fitting diaphragm 
packings have been installed. 

The high-pressure shaft packing is of the spring- 
backed combined labyrinth and water-seal type. The 
steam-packing sleeve is of nickel-chrome-molybdenum 
steel, the steam-packing rings are of leaded bronze, 
while the water-packing runner and casing are of 
chrome-iron alloy. The low-pressure shaft packing 
is a straight water-seal type, having a bronze runner 
and ecast-steel casing with a chrome-iron liner. Dia- 
phragm-packing rings are spring backed. Machine 
steel is used in the higher-pressure stages, but the 
lower-pressure stages have bronze inserts. The corre- 
sponding shaft sleeves of labyrinth type are of nickel- 
chrome-molybdenum steel and chreme-iron alloy, re- 
spectively. 

The turbine is solid-coupled to the generator. 

The cross-section drawing reproduced in Fig. 7 
shows the arrangement of casing, inner shells, dia- 
phragms, rotor, and exhaust hood. Figure 8 is a photo- 
graph taken during erection of the first 75,000-kw unit 
showing the lower half of the turbine casing with 
the lower-half diaphragms in place. Figures 7 and § 
both show extraction passages inside the turbine cas- 
ing for the four stages of regenerative feedwater 
heating. These passages are designed for bleeding 
from the fourth, seventh, tenth, and thirteenth stages. 
Further detail of the extraction cycle will be found 
in a later section devoted to ‘‘Plant Heat Balance.”’ 


GENERATOR 


The generator rotor is a three-piece nickel-steel 
forging having slots milled out for the field coils. The 
turns of the field coils are insulated with continuous 
mica tape and are protected in the slots by molded 
mica and asbestos armor. The end turns are protected 
with aluminum coverings to prevent rubbing between 
insulation and retaining ring during expansion and 
contraction of the coils, and to conduct heat away 
from the end turn assembly. 
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The generator stator is of the inclosed type, having 
a built-up frame of welded steel plate. A transposed 
bar type of winding is used with two conductors per 
slot. Circulating current losses in the conductors are 
reduced to a minimum by complete transposition 
of the individual strands. Each bar is insulated with 
mica tape and covered with asbestos tape to form slot 
armor. Heat losses due to induction in the ends of the 
machine are minimized by the use of non-magnetic 
material for the armature binding bands, supporting 
brackets, flanges, and clamping fingers. An end view 
of the stator showing some of these features is pre- 
sented in Fig. 9. The stator, which was completely 
assembled and wound at the factory, was shipped and 
installed as a single piece weighing just over a quarter 
million pounds. 

A 250-kw stabilized, shunt-wound, direct-current 
exciter is driven from the end of the main-generator 
shaft. The exciter is entirely inclosed and obtains its 
ventilation from the main ventilating system. While 
this detail is new at Delray, it is similar to the design 
used in the 60,000-kw machines at Conners Creek. 
The overhung exciter armature may be seen in Fig. 10 
showing the generator field being moved into place. 

Ventilation is provided by four external, motor- 
driven, centrifugal fans circulating up to 130,000 cfm 
of air through the generator and exciter, and over 
a surface-type air cooler. Three motors are direct con- 
nected to the generator through an auxiliary trans- 
former; the fourth is supplied from the house service 
bus for use duriifg starting periods and for periods 
of high load and high circulating water temperature. 
The motors are designed for individual full voltage 
starting at 230 v. The separate controls allow a power 
saving of 75 hp in periods of low water temperature 
and at fractional generator loads. Carbon dust from 
the ecollector-ring brushes and exciter brushes is 
removed from the ventilation air by renewable filters. 
The generator is rated 100,000 kva at 0.75 pf, 180C 
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Fig. 13. Cross-section view 
of 10,000-kw. superposed 
iurbine 


rpm, 14,400 v. The short circuit ratio is 1.0. It will 
earry full rated kva at 0.75 pf at voltages within plus 
or minus five per cent of the rated voltage without 
exceeding permissible temperature limits of the arma- 
ture and field. 

The turbo-generator is mounted independently 
on its own reinforced concrete foundation, no support 
being derived from the building floor or steel work. 
Figure 11 shows the foundation for the second 75,000 
shortly after the forms were stripped off. Figure 12 
shows the completed turbo-generator unit with the 
older 50,000-kw machines in the background. 
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10,000-Kw. Super- 
posed Turbine 


S PREVIOUSLY mentioned, the 10,000-kw high- 

temperature experimental turbine has been re- 
built for superposing service in the final plant. This 
turbine operates on steam at 815 psi g 900 F and ex- 
hausts at 410 psi g into the main steam header of the 
low-pressure section. Temperature of the exhaust steam 
will vary from 740 F at full load to 780 F at 2,000-kw. 
The advantages of the arrangement are that a con- 
siderable amount of by-product power is generated 
at low heat rate, the generator and some of the tur- 
bine parts from the now completed high-temperature 
experiment are put to use, and upwards of 500,000 
lb per hr of steam from the high-pressure section are 
transferred to the low-pressure section which is other- 
wise hard pressed for steam at heavy loads. 
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In its reconstructed form, the 10,000-kw machine 
is a single-casing, 3600 rpm, eight-valve, nine pressure 
stage unit built around the shaft and integrally forged 
wheels of the high-pressure rotor of the original 
machine. In addition to the shafts and wheels, the 
following parts of the original unit have been reused. 
Existing stop valve (in parallel with a new stop valve), 
governor, main and auxiliary oil pumps, cam gear, 
oil tank base under governor-end pedestal, center 
pedestal and pedestal support between the original h-p 
and 1-p cylinders, and coupling between alternator 
and original l-p shaft. The turbine casing, diaphragms, 
wheel buckets, steam chest, control valves and other 
parts not already mentioned are new. 

The governing arrangement is, perhaps, the most 
interesting feature of the superposed turbine. Hydrau- 
lically operated devices are installed to perform under 
the following conditions: 

(1) Primarily a centrifugal speed governor and 
relay regulate the steam flow. 

(2) With abnormally high back pressure, an over- 
pressure regulator readjusts admission valve openings 
to reduce the steam flow as necessary to an adjustable 
predetermined limit. 

(3) If the back pressure reaches a pre-set high 
limit irrespective of the operation of the over-pressure 
regulator, an emergency over-pressure governor oper- 
ates to close simultaneously both stop valves and all 
control valves. In addition to the over-pressure 
governor, safety valves relieving to atmosphere are 
installed as last resort protection for the turbine and 
piping. 

(4) Per contra, with abnormally low back pres- 
sure, an under-pressure regulator again readjusts the 
admission valves to increase the steam flow. The 
under-pressure regulator is adjustable to maintain 
any desired value of subnormal back pressure. If, in 
spite of this readjustment, the back pressure continues 
to fall, a differential-pressure control overrides the 
under-pressure regulator to restrict the steam flow 
to a value which will avoid too great a pressure 
differential across certain lower-stage diaphragms. 
This will also act to prevent excessive generator 
‘loading. 

(5) Should the machine lose its load when the 
under-pressure regulator is functioning, the speed 
governor will normally take over control as soon as the 
speed commences to rise, thus preventing overspeed. 
Note again that none of the back-pressure actuated 
devices actually supersedes the speed governor should 
the generator become separated from the system or in 
any other way drop its load. 

(6) Failure of oil pressure causes the main stop 
valves to close. 

(7) In the event of overspeed, an emergency speed 
governor of conventional type operates to close simul- 
taneously both stop valves and all eight control valves. 
This governor also may be operated by a manual trip. 

Besides the various governing devices installed 
on the superposed unit, it is believed essential to pro- 
vide some additional protective apparatus to safeguard 
its operation and that of the low-pressure section 
of the plant to which it exhausts. 

The first of these extra safety devices is a reverse- 
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current relay which will operate the machine breakers 
to disconnect the generator from the bus in order to 
prevent ‘‘motorizing’’ the generator in case the tur- 
bine trips out for any reason, such as, overspeed, 
or failure of oil pressure. The necessity for this 
reverse-current protection arises from the fact that 
the windage loss of the turbine running at full speed 
in a steam atmosphere at 400 psi g pressure will 
amount to an estimated 1,170 kw.* It should be under- 
stood that the windage loss is nowhere near this figure 
when the machine is carrying load, but if its steam 
supply were cut off and the turbine were driven 
at full speed by the generator acting as a motor, this 
estimated loss would obtain. Considering only the 
amount of steam contained within the clearance spaces 
of the turbine, the 1,170 kw windage loss would cause 
a rise of temperature at the rate of from 100 to 200 
degrees F per second. In addition to the steam con- 
tained within the turbine, however, there is a large 
mass of metal which also will be heated due to wind- 
age, and this has the very beneficial effect of reducing 
the rate of temperature increase to about 65 F per 
minute. It is obvious, however, that the unit must not 
be allowed to ‘‘motor’’ very long. 

The reverse-current relay will be installed to oper- 
ate on a time delay of 60 sec. and will be as rugged 
a device as possible. It is believed that no ill effects 
will result from a turbine trip-out with this relay 
operating. Neither is any dangerous temperature 
to be expected in bringing the turbine to rest in the 
normal manner, without load. 


AUTOMATIC GOVERNOR CONTROL 


Another device necessitated by the installation and 
use of the superposed turbine is a pressure-operated 
control arranged on each 50,000-kw 400-pound unit 
to unload the machine in case of a sudden loss of load 
on the superposed turbine. The need for such a device 
comes about as follows: 

Operation of the superposed machine in conjunc- 
tion with the 400-pound condensing units contem- 
plates, under conditions of light plant load, supplying 
the low-pressure section with steam taken largely 
from the superposed unit. One or two low-pressure boil- 
ers would be carried on a ‘‘floating bank,’’ that is, at the 
lightest rating consistent with maintaining full pres- 

*See “Windage Resistance of Steam-Turbine Wheels” by 


Edgar Buckingham, Reprint No. 208 from Bulletin of The 
Bureau of Standards, Vol. 10. 
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Principal Equipment at the Delray Plant 


815 Lb 900 F Extension 


Main Turbines 
75,000-kw, 815 psi g, 900 F, 
1800 rpm; 1 two-row Curtis 
and 16 single-row stages; bled 
at 4th, 7th, 10th and 13th 
stages. 

General Electric Co. 
Main Generators 
100,000 kva, 0.75 power factor, 
14,400 v, 4 pole, 60 cycle, 3 
phase. 

General Electric Co. 
Main Condensers 
53,620 sq ft, single pass, 11,504 
tubes 24 vo 0 in long, % in 
OD 18 gag 

Worthingion Pump & Mach. 


Cor 
Main Circulators 
One per condenser, 48-in hori- 
zontal double-suction volute 
pump, 67,000 gpm at 17.1 ft 
head, 250 rpm. General Elec- 
tric 240 v, d-c motor, 150 to 
400 hp 175 to 250 rpm. 
Worthington Pump & Mach. 
Corp. 


Main Unit Vacuum Pumps 
Three-element, three-stages 
per element, steam air ejector, 
with three-stage inter and 
after condenser, steam con- 
sumption 285 lb per element, 
using 190 psi g saturated 
steam 
Single stage priming ejector 
exhausts to atmosphere, 21 lb 
air per minute at 15 in hg abs, 
steam consumption 2300 lb 
er hr. 
. Worthington Pump & Mach. 
Corp. 


Oil Coolers 
Duplicate, vertical type. 
Schutte & Koerting Co. 
Oil Filtration 
Portable Separator for main 
units, 300 gph. Individual 
separator for auxiliary units, 
300 gph. 
DeLaval Separator Co. 
Batch Oil Filter 
Wm. W. Nugent & Co. 
Generator Air Cooler 
One per main unit, 19,400 sq 
ft cooling surface, 130,000 cfm. 
General Electric Co. 
Generator Ventilating Fans 
Four external fans per main 
unit, each driven by direct 
connected induction motor op- 
oe at 220 v, 100 hp, 1175 


General Electric Co. 
Superposed Turbine 
10,000-kw, 815 psi g, 900 F, 410 
psi ¢ exhaust pressure, 3600 
rpm; 9 single-row stages, no 
extraction. 

British - Thomson - Houston 

Company. 
Superposed Generator 
12,500 kv-a, 0.8 power factor, 
4800 volts, 2 pole, 60 cycle, 3 
phase. 

British - Thomson - Houston 

Company. 
Auxiliary Turbine 
4000-kw cross-compound, 815 
psi g, 900 F; h-p turbine 4000 
rpm, 1-p turbine 3000 rpm; ex- 
haust pressure 1 in. Hg abs. 

De Laval Steam Turbine Co. 
Auxiliary Generators 
= 4000-kw 250 volt 360 rpm 

General Electric Co. 

One 2000-kw motor-generator 
set, 240 volt d-c, 4800 volt a-c, 
450 rpm. 

General Electric Co. 
Auxiliary Condenser 
One, 8000 sq ft. two pass, 2046 
tubes, 15 ft 2% in long, 1 in 
OD. 18 gage. Cast-iron shell. 

Worthington Pump & Mach. 

Corp. 


Auxiliary Circulators 

One 20-in horizontal double- 

suction volute pump, 10.000 

gpm, 19 ft head, 435 rpm; Gen- 

eral Electric motor, 37 to 60 

hp. 215 te 435 rpm, 240 v. d-c. 
Worthington Pump & Mach. 

Corp. 
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375 Lb 700 F Section 


Main Turbines 
50,000-kw, 375 ms g, 700 FF, 
1200 rpm; 21 single row 
stages; bled at 9th, 13th, 16th, 
and 19th stages. 

General Electric Co. 


Main Generators 
62,500 kva, 0.80 power factor, 
12,200 volt, 6 pole, 60 cycle, 
3 phase. 

General Electric Co. 
Main Condensers 
60,000 sq ft, single pass, 9680 
tubes 24 ft 0 in long, 1 in OD, 
18 gage. 

Worthington Pump & Mach. 


Corp. 

Main Circulators 
Two per condenser, 48-in hori- 
zontal double-suction volute 

pump, two in _ operation, 
120, 000 gpm, 18.5 ft head, 230 
rpm. General Electric d-c 
motor 150 to 400 hp, 175 to 
240 rpm, 240 v. 

Worthington Pump & Mach. 


Corp. 
Main-Unit Vacuum Pumps 
Laidlaw-Dunn-Gordon, two 
stage, single acting, 35x18 in. 
feather valve, 1500 cfm, 150 
rpm. One per main unit, Gen- 
eral Electric d-c motor, 14 to 
66 hp, 60 to 150 rpm, 240 v. 
Worthington Pump & Mach. 
Corp. 


Oil Coolers 
Duplicate, vertical type. 
Andale Co. 
Oil Filtration 
Portable separator for main 
units, 300 gpm. _ Individual 
separators for auxiliary units, 
300 gph. 
De Laval Separator Co. 
Batch Filter 
Wm. W. Nugent & Co. 
Generator Air Cooler 


One per main unit, 10,680 sq” 


ft cooling surface, 125, 000 cfm. 
Griscom Russell Co. 
Generator Ventilating Fans 
Internal-type, mounted on 
generator rotor. 
General Electric Co. 


Auxiliary Turbines 

4000-kw cross-compound, 375 

psi g, 700 F; h-p turbine. 4000 

rpm, 1-p turbine 3000 rpm; ex- 

haust pressure lin. Hg abs. 
De Laval tone Turbine Co. 

Auxiliary Generators 

_ 4000- ie. 250 v, 360 rpm, 


Crocker Wheeler El. Mfg. Co. 
One 1000 kw motor generator, 
300 volt d-c, 4800 v, a-c, 900 


rpm. 
oe Electric Co. 
ry Condensers 
Three 7500 sq ft, two-pass, 
2046 tubes, 14 ft 2% in long, 
a4 OD 18 gage. Cast-iron 
s 
Worthington Pump & Mach. 
Corp. 


Auxiliary Circulators 
Three—one each unit—20 inch 
horizontal double-suction vo- 
lute pump 10,000 gpm, 19 ft 
head 435 rpm; General Elec- 
tric motor, 37 to 60 hp, 215 to 
435 rpm, 240 v, d-c 
Worthington Pump & Mach. 
Corp. 








815 Lb 900 F Extension 


Auxiliary Vacuum Pump 
One 21x14 Laidlaw-Dunn-Gor- 
don single acting, two-stage, 
horizontal, feather valve, 125 
rpm, 350 cfm; General Elec- 
tric motor 12 * H+ hp, 69 to 
125 rpm, 240 v 

Worthington a & Mach. 

Corp. 


Boilers 
Special Stirling, single-ended 
bent-water-tube type, 950 psi 
g, 344,000 1b per hr normal full 
load ‘capacity, 424,000 lb per hr 
maximum capacity; 8,188 sq ft 
saturated surface. 
Babcock & Wilcox Co. 


Water Walls 

Bare tube surface, 3352 sq ft; 
partial stud-tube surface 1138 
sq ft; bare block surface, 458 
sq ft. Furnace volume 28.500 
cu ft; heat release 15,800 Btu 
per hr per cu ft. 

Babcock & Wilcox Co. 


Superheaters 

B & W, by-pass-compensating 

convection- -type, pendant-loop 

design, 9353 sq ft surface, 910 

F max steam temperature. 
Babcock & Wilcox Co. 


Economizers 
Horizontal-return-bend coun- 
terflow type, 18,300 sq ft sur- 


face. : 
Babcock & Wilcox Co. 


Air Heaters 
Vertical bare tube type, two 
per boiler, 15,100 sq ft each, 
30,200 sq ft per boiler, 357 F 
max air temperature, 

Babcock & Wilcox Co. 
Stokers 
Taylor single-ended, under- 
feed type, 15 retort, 82 thin 
(57 standard) Noblo tuyeres, 
projected grate area 611 sq ft, 
coal burning capacity 44,000 lb 
per hr at maximum load. Phil- 
adelphia Gear Works two- 
speed reducing gear, ratios 4 
to 1 and 10 to 1; General Elec- 
tric motor, 120 and 240 v, d-c; 
8% to 35 hp; 250 to 2,000 rpm. 
Clinker grinders, two rolls 26 
in dia, 34 in dia over teeth; 
Westinghouse 240 v, d-c mo- 
tor, 24% to 5 hp, 500 to 2000 
rpm, 2 rev per hr max speed 
of crusher rolls. 

American Engineering Co. 


Combustion Air Control 
None. 


Forced Draft Fans 
Two fans per boiler driven 
from opposite ends of one mo- 
tor. Each fan size 94% DDHGS, 
double inlet, double width, 
Super-Duplex-Conoidal, rated 
53,300 cfm each, 106,600 cfm 
per boiler, 15.7 in water static 
pressure, 1000 rpm. Westing- 
house motor 240 v, d-c, 500 to 
1000 rpm, 56 to 450 hp. 
Buffalo Forge Co. 


Induced Draft Fans 
One fan per boiler, size 13 
DDHGS, double inlet, double 
width Super Conoidal, rated 
189,000 cfm at 15.5 in water 
static pressure, 350 F gas, 975 
rpm. Westinghouse motor, 240 
Ties ‘~ 488 to 975 rpm, 94 to 
Buttalo Forge Co. 
Soot Blowers 
Welded, integral-type, special 
deslagging nozzles. All piping 
within boiler setting. 
The Detroit Edison Co. 


375 Lb 700 F Section 


Auxiliary Vacuum Pump 

Three—one each unit—21x14 
Laidlaw-Dunn-Gordon single 
acting, two-stage, horizontai, 
feather valve, 125 rpm, 350 
cfm; General Electric motor 
12 to 25 hp, 60 to 125 rpm, 240 


v, d-c. 
Worthington Pump & Mach. 
Corp. 


Cranes 
Turbine room, 125 tons capac- 
ity, 96 ft 114% in span, 74 ft 
1 in lift. Auxiliary bay, 35 
tons capacity, 24 ft 8% in 
span, 50 ft lift. 
Harnischfeger Corp. 
Boilers 
Special Stirling, single ended, 
bent-water-tube type, 455 psig, 
340,000 lb per hr normal full 
load capacity, 427,000 Ib per hr 
maximum capacity; 23,900 sq 
ft saturated surface. 
Babcock & Wilcox Co. 


Water Walls (Screen Boiler) 
Effective bare wall tube sur- 
face 2,044 sq ft; Bailey block 
surface 1,456 sq ft; furnace 
volume 13,800 cu ft; heat re- 
lease 32,000 Btu per hr per 


cu ft. 
Babcock & Wilcox Co. 


Superheaters 
B & W hairpin, convection 
type, 4,900 sq ft, 700 F steam 
temperature. 

Babcock & Wilcox Co. 


Economizers 
Wrought steel, horizontal re- 
turn bend, counterflow type, 
6,032 sq ft surface. 

Babcock & Wilcox Co. 


Air Heaters 
Vertical bare-tube type, 26,920 
sq ft surface, 350 F maximum 
air temperature. 

Babcock & Wilcox Co. 


Stokers 

Taylor, single-ended, under- 
feed type, 15 retort, 57 stand- 
ard tuyeres, projected grate 
area 611 sq ft, coal burning 
capacity 44,000 1b per hr at 
maximum load. Cleveland 
Worm and Gear Co. reduction 
gear 4 1/7 to 1 ratio, General 
Electric Co motor, 120 and 240 
v, d-c, adjustable speed, 250 to 
2,000 rpm, 8% to 25 hp. Clinker 
grinders, two rolls, 26 in dia. 
34 in dia over teeth. General 
Electric Co. 240 v. d-c motor 
500 to 2,000 rpm, 2% to 5 hp. 
2 rev per hr max speed of 
crusher roll. 

American Engineering Co. 


Combustion Air Control 
Automatic zoned air control. 
Automatic metered control on 
No. 2 boiler only. 
American Engineering Co. 
The Detroit Edison Co. 
Forced Draft Fans 
Two fans per boiler, driven 
from opposite ends of one mo- 
tor. Each fan size 94% DDHGS, 
double inlet, double width. 
Super-Duplex Conoidal. rated 
65,000 cfm each, 130.000 cfm 
per boiler, 12.5 in water static 
pressure, 925 rpm _ General 
Electric motor 240 volt, direct 
current, 450 to 925 rpm, 50 to 
400 hn. 
Buffalo Forge Co. 
Induced Draft Fans 
One fan per boiler, size 13 
DDHGS. double inlet, double 
width Super Conoidal, rated 
233.000 cfm at 13.9 in water 
= pressure. 350 F gas, 930 
General Electric motor. 
240 volt, direct a 450 to 
930 rom, 80 to 700 
Buffalo Forge Go 
Soot Blowers 
The Diamond Power Spe- 
cialty Corp. 


POWER PLANT ENGINEERING 
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Principal Equipment at the Delray Plant—Continued 


815 Lb 900 F Extension 


Water Columns 
The Diamond Power Spe- 
eal Corp. 


Stac : 
Two boilers per stack, self- 
supporting steel. 
Muskegon a Company 
fabricator 
The Detroit Edison Co. erec- 


tor 
s "Heaters 
High-pressure, six-pass con- 
deaner type with desuperheat 
zone, welded steel-plate con- 
truction, breech-block head, 
water pressure 1200 psi g, % 
in dia tubes, 10 gage. 
Low-pressure four-pass con- 
denser type, welded steel-plate 
construction, bolted head, 
water gg or psig, % in 
dia tubes, 18 g 
Surface, 4th pn 7th, 3535 sq 
ft each; 10th, 2935 sq ft; 13th, 
2640 sq ft, drain cooler, 1026 


sq ft. 
The Griscom-Russell Co. 


Evaporators 

Horizontal, welded-steel shell, 
submerged. type, single effect, 
self-scaling, bent-tube; 204 sq 
ft heating surface; 45.9 sq ft 
disengaging surface; capacity 
10,300 1b per hr. 

The Griscom-Russell Co, 
Combination Pumps 
Boiler-feed and hotwell 
pumps, two per main unit; 
motor-driven, BFP 1455 gpm, 
1015 1b pent HWP 1565 

m, 204 lb pressure, 1770 rpm; 

estinghouse motor, 1500 hp, 
1452 to 1785 rpm, 4800 v, 3- 
phase, a-c, slip ring induction. 
Turbine-driven, BFP 1455 gpm, 
1015 1b head; P 1565 gpm, 
222 lb head, DeLaval turbine, 
1438 hp, 1770 rpm 

DeLaval Steam Turbine Co. 


Dp 
One per main unit, 1565 gpm, 
47 ft head, 600 rpm; General 
Electric motor, 30 hp, 600 rpm, 
240 v d-c. 

DeLaval Steam Turbine Co.. 
Heater-Drain Pump 
One per main unit, 287 gpm, 
193 lb pressure, 1750 rpm; 
Westinghouse motor, 60 hp, 
1750 rpm, 220 volt 3-phase, 60 
eycle squirrel cage. 

DeLaval Steam Turbine Co. 
Superposed Unit Booster 
erry Pump 

1185 gpm, net pressure 585 psi, 
350 F, 2475 rpm. DeLaval 
speed increasing gear 1185 to 
2475 rpm. Westinghouse 240 
v, d-ec motor, 400 to 700 hp, 
1000 to 1200 rpm. 

DeLaval Steam Turbine Co. 

uxiliary-Unit Hotwell Pump 
One per unit; 150 gpm, 185 ft 
head, 1750 rpm. General Elec- 
tric motor, 25 to 30 hp, 1200 
to 1600 rpm, 240 v, d-c. 
Worthing Pump & Mach. 
Corp. 


375 Lb 700 F Section 


Water Columns 
Four per boiler. 
Sa were Co. 


tacks 
Two boilers per stack, self- 
supporting, steel. 
The Youngstown Boiler and 
Tank Co. 


Stage Heaters 
High-pressure, four pass con- 
denser type, Units 11 and 12 
are riveted steel plate con- 
struction, Unit 13, welded con- 
struction, bolted heads, water 
pressure 600 psi g, % in dia 
tubes 16 gage. 
Low-pressure, four pass con- 
denser type, Units 11 and 12 
are riveted steel plate con- 
struction, Unit 13 is welded 
construction, bolted heads, 
water pressure ig psi, % in 
dia tubes, 18 gag 
Surface $th wee “2550 sq ft; 
13th, 2545 sq ft; 16th, 2780 sq 
ft; 19th, 2415 sq ft. 
The Griscom-Russell Co. 
Evaporators 
One per main unit; horizontal, 
riveted steel shell, submerged 
Reilly-coil type, single effect, 
self-scaling. 283 sq ft heating 
a Capacity 8750 lb per 
r 


The Griscom-Russell Co. 
Combination Pumps 
Boiler-feed and hotwell 
pumps, two per main unit, mo- 
tor-driven, BFP 1360 gpm, 
1195 ft head, 1175 rpm, HWP 
1500 gpm, 290 ft head, 1175 
rpm, Crocker-Wheeler motor, 
425 to 700 hp, 1000 to 1200 
rpm, 240 v, d-c. 
Turbine-driven, BFP 1360 
gpm; 1225 ft head; 1650 rpm 
HWP, 1500 gpm; 209 ft head. 
De Laval turbine, 602 hp, 1700 
rpm. 

DelLaval Steam Turbine Co. 
ift Pum: 


Pp 

One per main unit; 1500 gpm; 
50.5 ft head; 600 rpm General 
Electric motor, 30 hp, 600 
rpm, 240 v, d-c. 

DeLaval ~— Turbine Co. 
Heater-Drain Pump 
One per main unit; 400 gpm, 
320 ft head, 1800 rpm General 
Electric motor, 15 to 60 hp, 
1200 to 1800 rpm, 240 v, d-c. 

DeLaval Steam Turbine Co. 


Auxiliary-Unit Hotwell Pump 
One per unit; 160 gpm, 95 ft 
head, 1500 rpm General Elec- 
tric py 10 hp, 1500 rpm, 
240 v, d-c. 
Worthington Pump & 
Mach. Corp. 


COMMON TO BOTH SECTIONS 


Gontonedte-Btarage Tanks 
Welded-steel construction. 


Four installed, 


each. 


47,000 gal. 


The Detroit Edison Co. 


Hot-Drip 


Three ietalien. 250 gpm, 125 


ft head, 1750 


rpm; General 
Electric motors, 


2 to 15 hp, 


920 to 1840 rpm, 240 v, d-c. 


DeLaval Steam Turbine Co. 
urn Pumps 


Three low-level senne—Jen- 
nings; two of 35 gpm each, 
one 9 gpm; General Electric 


motors; two, 2 


one, 1 hp 3490 rpm, 220 v. 3- 
phase, 60 cycle, induction. 
Nash Engineering Co. 


PIPING AND VALVES 


Pipe and Pipe — 
ational Tube C 
ane Co. 
Murray W. Sal 
The Detroit edison Co. 
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Pipe = Ley Pabrication 
Pittsburgh eg and 
Becieunent Co. 

Benjamin F. Shaw Co. 
M. W. Kellogg Co. 
Murray W. Sales Co. 





815 Lb 900 F Extension 


ela Superheated 


am 
Parallel-Slide Gate Valves 
Lunkenheimer Co. 
Valve Motor Operators 
Cutler-Hammer Inc. 
Stop-and-Check Valves 
Schutte & Koerting Co. 
h-Pressure Boiler-feed 
Saturated Steam 
Wedge-Gate Valves 
Lunkenheimer Co. 
Feedwater Regulators 
One per boiler, Copes valves 
with tension-type thermostat, 
automatic constant-pressure- 
drop —_— capacity 433,- 
000 1b 
Nort oo Equipment Co. 
Safety Valves 
Six 3-in pop safety valves per 
boiler, average capacity 65,000 
lb per hr each of saturated 
steam. Two 3-in per super- 
heater, average capacity 44,- 
600 lb per hr each of super- 
heated steam. 
Consolidated Ashcroft Han- 
cock Co., Inc. 


Blow-off Valves 
2 per boiler. 
Lunkenheimer Co. 


Miscellaneous Small High- 
Pressure Valves for D 9 
By-passes, Instruments, and 
sO On. 
Globe Valves 
Lunkenheimer Co. 
Consolidated Ashcroft Han- 
cock Co., Inc. 
Miscellaneous Low-Pressure 
Valves and Regulators 
Jenkins Bros. 
Reading, Pratt & Cady Co. 
D. T. Williams Co. 
William Powell Co. 
Walworth Co. 
Atwood and Morrill Co. 
Chapman Valve Mfg. Co. 
a Ashcroft Han- 
cock Co., Inc. 
Crane Co. 
Fisher Governor a. 
Lunkenheimer Co. 
Ruggles-Klingemann Mfg. 
Co. 


High-Pressure Steam Traps— 
Impulse bg 
Yarnell-Waring Co. 


375 Lb 700 F Section 


High-Pressure Superheated 
Steam 


Parallel-Slide Gate, 5 waives 
Chapman Valve Mfg. Co. 
Valve Motor Operators 
Chapman Valve Mfg. Co. 
Stop-and-Check Valves 
Schutte & Koerting Co. 
= ssure Boiler-feed 
and Saturated Steam 
Wedge-Gate Valves 
Chapman Valve Mfg. Co. 
Peedwater Re: tors 
Two per boiler, Copes valves 
with tension-type thermostat, 
300,000 lb per hr capacity 


each. 
Northern Equipment Co. 


Safety Valves 

Twelve 4-in valves per boiler, 
capacities from 49,700 to 52,- 
700 lb per hr each of saturated 
steam. Two 4-in valves per 
superheater, 46,600 lb per hr. 


each, 
Consolidated Ashcroft Han- 
cock Co., Inc. 


Blowoff Valves 
Four 2%-in valves per boiler. 
J. Hopkinson & Co., Ltd 


Miscellaneous Small High- 
Pressure Valves for D 
By-passes, Instrument Lines, 
and so on 
Globe Valves. 
Consolidated Ashcroft Han- 
cock Co., Inc. 


Miscellaneous Low-Pressure 
Valves and tors 
Jenkins Bros. 
Reading, Pratt & Cady Co. 
D. T. Williams Co. 
William Powell Co. 
Walworth Co. 
Atwood and Morrill Co. 
Chapman Valve Mfg. Co. 
Consolidated Ashcroft Han- 
cock Co., Inc. 
Crane Co. 
Fisher Governor Co. 
Lunkenheimer Co. 
— -Klingemann Mfg. 


Wigh-Pressure Steam Traps 
Armstrong Machine Works 





Indicating and Recording 
Pressure Instruments 
Ashton Valve Co. 
Bristol Co. 
Consolidated Ashcroft Han- 
cock Co., Inc. 


Mercury Column Vacuum 
es 
Taylor Instrument Cos. 


Draft Gages 
Hays Corp. 


Indicating and Recording 
Temperature Instruments 
Bristol Co. 
Cambridge Instrument Co., 


td. 
Consolidated SaNees Han- 
cock Co., 
General Biectric Co. 
Leeds and Northrup el 
Tagliabue Mfg. Co., C 
Taylor Instrument Cos. 


Weston Electrical Instru- 
ment Co. 


Flow Meters 
Bailey Meter Co. 
Builders Iron Foundry 


Water Level 
Crane Co. 
The Liguidometer Corp. 
Diamond Power Specialty 
Corp. 


Stoker Tachometers 
The Electric Tachometer 
Corp. 


Turbine Signal System 
Electric Indicator Corp. 
= ——— Damper-Position 
The Detroit Edison Co. 
CO, and CO Metering 
Equipment 
Bacharach Industrial In- 
strument Co. 


COAL HANDLING 
EQUIPMENT 


Drag-Line Scraper 
RR. E Boapeent 
Drag-Line Cable 
A. Leschen_ and Sons_ 
Rota Gar Dumper 
Capacity. fifteen 120-ton cars 
per hr; General Electric mo- 
tor, 80 hp, 220 v, a-c. 
Wellman-Seaver-Morgan 
Coal Crushers 
Two Bradford-type breakers, 
12x22 ft, 14 rpm, 525 tons per 


hr each; General Electric mo- 
tor, 156 hp, 720 rpm, 220 v, a-c. 

Pennsylvania Crusher Co. 
Conveyors 

Link-Belt Co. 

Robins Conveying Belt Co. 
Coal Unlo Dock 

The Detroit Edison Co. 
Dust Collecting e 
Dracco bag filter 

Dust Recovering and Col- 

lecting Co. 


213 





Circuit Breakers 

Type FH-209-C, 600 and 3000 
amp, 35 kv, 40,000 amp inter- 
= capacity, motor oper- 


ated. 
General Electric Co. 
Deion, 600 amp, 35 kv, 40,000 
amp interrupting capacity, 
solenoid operated. 
Westinghouse El. & Mfg. Co. 


Circuit Buses 

Original section. 2—4 in 

% in copper ag rated 1400 
amp at 35°C rise. 

Later section. 3—6 in x % in 
copper bars, rated 2400 amp 
at 35°C rise. 


System Tie Buses 
2—6 in x 0.437 in web alumi- 
num channels, rated at 3200 
amp at 35°C rise. 


Waterman Station 


Equalizer Bus 
Parlier section. 3—6 in x \4% 
in copper age ee at 2400 
amp at 35°C ris 
Later section. 2-6 in x 0.437 
in web aluminum channels, 
ae at 3200 amp at 35°C 
r 
Breaker and Bus Housings 
Breakers and circuit buses in 
original section are housed in 
masonry cells integral with 
the building. 
Breakers i circuit buses in 
later section and all system 
tie and equalizer buses have 
three phase, metal housings 
with metal baffles between 
phases, the complete unit be- 
ing insulated from the build- 
“s and from adjacent units. 
Copper or aluminum in com- 
bination with steel is used for 


heavy eet steel alone for 


light currents. 


ualizer Reactors 
Indoor dry type, each phase 
enclosed in metal case, insu- 
lated from building. 
For generators, 2500 kva, 1800 
amp, 24 kv circuit voltage. 
General Electric Co. 
For system ties, 2666 kva, 2400 
amp, 24 kv circuit voltage. 
Metropolitan Device Corp. 


Relays 
For Fault Bus Protection—In- 
stantaneous, overcurrent, type 
PQ . General Electric Co. 
For Bus Differential Protec- 
tion—Instantaneous, overcur- 
rent, type PQ. General Elec- 
= "Co. 

Generator Differential 
Protection ieette<Etacontiae: 


Type CA, Westinghouse El. & 
Mfg. Co. Also instantaneous, 
overcurrent, type PQ, General 
Electric Co. 

For Regulating Transformer 
Differential Protection — In- 
stantaneous, overcurrent, type 
PQ, also time delay, type IAC, 
General Electric Co. 

For Parallel Feeder Protection 
—Balanced-current, type PD3, 
also Time delay with instan- 
taneous attachment, overcur- 
rent, type IAC. General Elec- 
tric Co. 

For Radial Feeder Protection 
—Combined instantaneous and 
inverse time, type RI. Condit 
Electrical Mfg. Co. 
Switchboard 

Vertical, marble panels for 
control, instruments and re- 
lays. The Detroit Edison Co. 





sure. If, under such conditions, the superposed machine 
should trip out, the steam pressure in the 400-lb steam 
mains would fall rapidly. At the same time the steam 
admission valve of the low-pressure condensing unit 
would automatically open to admit more steam in 
an effort to carry load at the reduced pressure and 
thus drop the steam pressure still further. Before 
the 400-lb boilers could pick up the load, the pressure 
on this part of the system would almost inevitably 
fall to a dangerous point involving both boilers and 
steam auxiliaries, and with disastrous results. Such 


TABLE II—MAIN-TURBINE DATA 


First 
Section 
11, 12, 13 

375 
700 
lin. Hg 








Extension. 
14, 15, 16 21 
815 815 
900 900 
lin.Hg 410 psig 
1800 3600 
75,000 10,000 
17 9 
4,7, 10, 13 none 
390 350 


Turbine Unit No. 
Throttle Press psi g 
Throttle Temp F 
Exhaust Press 
Speed, rpm 1200 
Rated Capacity, kw 50,000 
Number of Pressure Stages 21 
Bled stages 9, 13, 16, 19 
Max Feedwater Temp 350 
Max Throttle-steam flow 
lb/hr, each unit 605,000 
Type of governing throttle 
and 
overload 
Single 


652,000 504,000 
Partial Partial 
admission admission 
8 valves 8 valves 


Casings Single Single 





a disturbance might have far-reaching effects in 
upsetting the supply of direct-current to essential 
auxiliaries, such as forced and induced-draft fans, 
since the backbone of the d-c system is the turbine 
driven geared generators. Three of these units operate 
on 400-lb steam and only one of them on 815-lb steam. 
Furthermore the high-pressure d-c unit will not 
be installed until some considerable time after the 
superposed unit is available. The principal object 
in automatically decreasing the load on the 50,000-kw 
units is, then, to maintain the supply of steam to the 
direct-current machines, although it is hoped that 
under such circumstances it will be possible to catch 
up on steam supply without actually taking the 
50,000-kw machine off the line. In any event, the elec- 
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TABLE ITII—MAIN-GENERATOR DATA 


First 
Section Extension. 
11,12,13 14, 15, 16 21 
75,000 10,000 
0.75 0.8 








Unit Number 
Generator capacity, kw 50,000 
Power Factor 0.8 
Continuous rating, kva 62,500 100,000 12,500 
Terminal voltage 12,200 14,400 4,800 
Short circuit ratio 1.21 1.0 0.665 
Poles 6 4 2 
Speed, rpm 1,200 1,800 3,600 
Closed air cireu’n,cfm125,000 130,000 27,000 
Exciter voltage 250 250 125. 
Max excit current, amp 1,200 1,000 300 





trical system as a whole stands always ready to lose 
a large machine, as has been discussed in connection 


with ‘‘firm capacity,’’ whereas it is vital to the con- 
tinued operation of the entire power plant that a sup- 
ply of steam to the house-service machines be main- 
tained. 

In order that the operators at the Waterman 
switching station may know of conditions in the boiler 
room, a pressure gage will be installed in the control 
room there, to indicate the pressure of steam supplied 
to the 400-lb units. This pressure gage is equipped 
with an alarm set at 350 psi g. 

A cross-sectional view of the superposed turbine 
is shown in Fig. 18, while the governing scheme 
is illustrated diagrammatically in Fig. 14. 

Experience with other 3,600 rpm machines carried 
on the steel structure of the building, has indicated 
the need for a means of absorbing vibration, inherently 
stronger in a two-pole machine than in one of four 
or six poles. The Detroit Edison Company has built 
a number of successful spring bases for geared house- 
service turbo-generators, and with this background 
of experience it was decided to construct a spring 
supported base for this machine. In this way the build- 
ing steel, though it carries the unit, is insulated from 
vibrations set up by the two-pole generator. 

Design features of all the main turbines and gen- 
erators in the Delray Plant are summarized in Tables 
II and III, respectively. 

(Part II of this series will be published in the May 
issue of PowER PLANT ENGINEERING. ) 
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Asbestos Ducts 


Characteristics of metal and asbestos ducts 
in a form suitable for use by designers of 
air conditioning systems presented before 
the last annual meeting of the A.S.R.E. 


and 


Air Conditioning Systems 


By R. H. HEILMAN 


Mellon Institute of Industrial Research 


Pittsburgh, Pa. 
and 


R. A. MACARTHUR 


The Philip Carey Mfg. Co. 


Lockland, O. 


ECENTLY DEVELOPED all-asbestos insulating 
air conditioning ducts are having a steadily in- 
creasing acceptance in the air conditioning field. 
They are available in either round or rectangular 
cross-section in units 3 ft. in length. Each unit con- 
sists of a hard inner tube or core 3/16 in. in thickness, 
made of laminated asbestos paper and an outer 
jacket closely fitted on the core and made of cellular 
asbestos paper wound in layers to the proper thickness. 
Figure 1, plotted on logarithmic paper, gives the 
drop in static pressure obtained on the various ducts 
tested. The static pressure drop corrected to a 100-ft. 
length is plotted against the average velocity meas- 
ured at the downstream end of the duct. This shows 
that the curves of velocity against pressure drop for 
the various duct sizes are parallel to each other and 
have a slope of approximately 1.87 or that the pres- 
sure drops vary, within 1 per cent directly, at V*”. 
When the pressure drops obtained on the asbestos 
ducts were plotted on rectangular coordinate paper 
against the reciprocal of four times the hydraulic 
radius it was found that a straight line could be 
drawn through the plotted points which had a maxi- 


FRICTION LOSS IN DUCTS, EXPERIMENTAL VALUES 


1-16 ROUND METAL —*— 
2-124 ROUND ASBESTOS—— 
3-6S5xes' ASBESTOS —*— 
4 12" ROUND METAL —_— 
5-8 ROUND ASBESTOS —o= 
6-4xI7S' aAsBsEsTOS == 
7 = 6" ROUND METAL 
@- 6 ROUND METAL 


<= 
— 
9-25xXuS' ASBESTOS —>— 


VELOCITY OF AIR IN OUCT_IN FEET PER MINUTE 


FRICTION LOSS IN INCHES OF WATER PER 100 FEET OF ODUCT 


Fig. I. Friction loss in 100 ft. of ducts of various types and shapes 


CHICAGO, MARCH, 1939 


mum deviation of less than eight per cent from any 
of the points. The same was found to be true for the 
round metal ducts, although the line obtained did 
not fall on the line obtained for the asbestos ducts 
but was parallel to it. 

Figure 2 was constructed from the above rela- 
tionships of velocity and diameter or hydraulic radius. 
The hydraulic radius is defined as the quotient of 


FRICTION LOSS IN OUCTS 


CAPACITY IN CUBIC FEET PER MINUTE FOR ROUND DUCTS 


- “ oo 2 1 ene “ 


FRICTION IN INCHES OF WATER PER 100 FEET OF ODUCT 
Fig. 2. Chart for calculating friction losses in air conditioning ducts 


the area divided by the perimeter of the wetted sur- 
face, or, for a rectangular duct, R is ab / (a + b) and 


_ for a cylindrical duct, R is D / 4. Therefore, the 


diameter D of a round duct equals 4R or 4 times the 
hydraulic radius. 

This chart gives the pressure drop in inches of 
water for a 100-ft. length of asbestos duct and may 
be used for either rectangular or round ducts. In 
using the chart for rectangular ducts the pressure 
drop is obtained by multiplying R by 4 and by fol- 
lowing the line in the curve corresponding to this 
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Table |. Thickness of asbestos duct required to prevent sweating 








Percent 
relative 
humid- 

ity 20°F. 


Difference in temperature between 
air inside and outside of duct 
25°F. 30°F. 35°F. go°F. 45°F. 50°F. 





60 Y4 in. in, in. in, in. Lin. Lin. 
Ta ” 


14%” 1% ” 


td Y2 2% ” 3 ” 


80 1%” 





diameter to the point where it crosses the desired 
velocity line and dropping down vertically to the 
bottom of the scale where the pressure drop is ob- 
tained directly. 

Example: Determine the pressure drop in 100 ft. 
of 81%4 by 141% in. asbestos duct when air is flowing 
through the duct at a velocity of 1600 ft. per min. 
Solution: R is 10.72, which gives a pressure drop of 
).355 in. of water. The pressure drop would also be 
0.355 in. for a 10.72 in. diameter asbestos round duct 
carrying air at a velocity of 1600 ft. per min. or a 
volume of 1000 eu. ft. per min. 

The chart cannot be used for round metal ducts 
of the usual construction owing to the fact that the 
frictional resistances in these ducts is somewhat 
higher than would be obtained by the use of the 
chart. On the other hand, data obtained previously 
on rectangular metal ducts indicates that the losses 
in well-made metal ducts fabricated from units six 
or eight feet long and joined with lock strips may be 
taken from the chart of Fig. 2. 

As noted above, the chart, Fig. 2, may be used 
to caleulate the friction losses in either rectangular 
metal or round and rectangular asbestos ducts. The 
capacities for round ducts at various velocities may 
be read from the chart. While the friction losses for 
rectangular ducts of various sizes and at various 
velocities may be read from the chart, the capacities 
are to be calculated from the cross-sectional area by 
obvious methods. 

Thermal conductivity values obtained on samples 
of asbestos ducts were 0.622 B.t.u. per sq. ft. per hr., 
per in. of thickness per degree F., at a mean tempera- 
ture of 50 deg. F. and 0.707 B.t.u. at a mean tempera- 
ture of 150 deg. F. The conductivity at mean tem- 
peratures between these two values is a straight line 
function of the mean temperature. The thermal trans- 
mission coefficient U for various temperature condi- 
tions, ete., ean be ecaleulated from the standard 
formula. 


SWEATING 


It is often necessary in air cooling installations 
to know the thickness of asbestos or insulation which 
will’ prevent sweating or condensation on the outer 
surface of the duct. Sweating will be prevented when 
the thickness of the duct is sufficient to raise the 
temperature of the outer surface to a point slightly 
higher than the dewpoint for the corresponding air 
temperature and relative humidity. Table I has been 
calculated for rectangular asbestos ducts carrying 
air at 50 deg. F. for temperature differences between 
the air inside and outside the ducts of 20 to 50 deg. 
F., or corresponding to room temperatures of 70 to 
100 deg. F. 
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The attenuation of sound in metal and asbestos 
ducts of various sizes and shapes has been measured 
by ‘‘practical’’ methods. All the data considered 
desirable for proper evaluation of the attenuation in 
ducts of all dimensions have not as yet been obtained, 
and the following results are to be considered only 
indicative of general behavior. 

Improvement in sound reduction of asbestos ducts 
over metal ducts is substantially constant with veloc- 
ity. At a velocity of 1000 f.p.m., the sound levels 
obtained at the outlet of the ducts were lower with 
asbestos ducts than with metal ducts by the following 
amounts: 11 by 13 in. ducts, 6.0 decibels; 514 by 
8% in., 517 decibels; and 214 by 11 in., 8.8 decibels. 

Fittings will in general contribute to the reduc- 
tion of sound. Data show that an asbestos 90 deg. 
elbow of inside dimensions 51% by 81% in. attenuated 
sound of frequencies 250, 500 and 1000 cycles, 7, 11 
and 14 decibels, respectively, more than a metal 
elbow of the same cross-section and of radius ratio 
1.5. The metal elbow reduced the sound practically 
not at all. An 844 by 8% in. abestos elbow reduced 
the sound 7.8, 7.2 and 12.2 decibels at the respective 
frequencies. 

With air flow, the 5144 by 81% in. asbestos elbow 
reduced sound at the outlet 4 and 7 decibels more 
than the metal at 500 and 1000 f.p.m. At ordinary 
velocities valuable sound reduction may be expected 
from asbestos duct systems containing several fittings. 
There are no appreciable resonance effects with as- 
bestos ducts and sound pick-up from the environment, 
and particularly the transmission of such sound, is 
much less than in metal ducts. 


Electrical Voice Operated Telephone 


A NEw telephone instrument which gets its power 
solely from the speaker’s voice and enables the user 
to call any of five other stations has been announced 
by the Western Electric Co., 195 Broadway, New 
York, N. Y. The electrical voice current is generated 
internally by the impact of sound waves on a special 
diaphragm and hence it is independent of external 
power. A self-contained, hand operated generator 
provides for signaling. 

To place a call, the user turns a simple rotary- 
selector switch to the station desired and spins a 
small signaling crank on the side of the instrument. 
This causes the distant telephone to emit a high- 
pitched tone signal of great penetrating power. 

Although the device was designed primarily for 
marine use, its water-tight, weather-resistant con- 
struction adapts it ideally for service in construction 
camps, warehouses, factories or other exposed loca- 
tions. All internal parts are assembled in a sealed, 
east aluminum case. The transmitter diaphragm, 
which mounts in front of an aluminum cover plate, 
is coated with a non-corrosive, moisture-proof finish. 
A soft rubber housing encloses the receiver, the 
diaphragm of which is also finished to withstand corro- 
sion. The receiver is connected with the telephone’s 
internal mechanism through a flexible, waterproof 
cord which enters the housing through a water-tight 
gland. 
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Readers Conference 








These pages are open to readers for the pres- 


entation or discussion of any timely power plant 
topic. The Editors invite your participation. 











Reconditioning Oil 


IN THE February issue of Power PLant ENGINEER- 
ING there is a statement by W. F. Schaphorst, of 
Newark, N. J., entitled, ‘‘Reconditioned Lubricating 
Oil,’’ that I believe to be incorrect in implying that 
lubricating oil cannot be successfully reclaimed. 

I have had 20 yr. of very close association with a 
concern that manufactures apparatus for this class of 
work. I can say that this is possible, both from a 
practical and an economical standpoint, this can be 
proven by technical information in my possession, and 
by any number of successful installations in practically 
every state in the Union, and in many foreign eoun- 
tries. 

The successful use of reclaimed oil depends entirely 
on the open mindedness of the operator, or user, be- 
cause the proper use of this reclaimed oil will result 
in lower lubrication costs, and lower maintenance 
costs. 

To obtain these results several things must be 
borne in mind, chief of which will be the class of 
equipment served, and the type of oil reclaiming equip- 
ment used. This is very important as so many poor 
methods and products have been marketed in the last 
few years that I can readily understand Mr. Schap- 
horst ideas on oil reclaiming. 

I can personally state that there are very many 
installations on gas, gasoline, and Diesel engines. The 
performance of these engines has been increased from 
an operating standpoint by giving more time between 
overhauls and a much smaller cost for lubrication. 
These are two very important items in the cost of 
operating any equipment. 

If the proper viscosity, fire and flash points are 
maintained, and are as constantly checked as they 
are in new oil, then the results will be equal to that 
of new oil. This is amply confirmed by laboratory 
tests conducted by several of the large oil companies. 
universities, and commercial laboratories, also the 
hundreds of commercial installations prove the relia- 
bility of reconditioned oil. 

As far as I personally know there is only one 
type of oil reclaiming equipment that has been 
uniformally successful. This type of reclaimer uses 
the distillation—filtration process which is prac- 
tically the same process used in all the commercial 
refineries of the United States. 

Mr. Schaphorst refers to the high sulfur content 
of reclaimed oil, I would like to state that if the proper 
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method is used this condition will disappear, and 

not be aggravated as is the ease with some processes 

that are on the market at present. 
Chicago, Il. 


Cost of Belt Slip 


IN DRAWING attention to the cost of belt slip in the 
February issue, N. G. Neer has rendered a much needed 
service, but in estimating the value of the fuel loss, 
he seems to have made an error, perhaps of a typo- 
graphical nature. 

On the basis of his own figures, the total loss due 
to 2 per cent slip, is, as Mr. Neer correctly states, 
$50,400,000, but he goes on to state that this repre- 
sents $50,000,000 in fuel. 

At $42.00 per hp. yr., of 308 ten-hour days, the 
eost is about 1.36 cents per hp-hr. or 1.81 cents per 
kw hr. 

In view of the fact that many public utilities pay 
twice as much for taxes alone as they do for fuel, it 
is quite clear that with power selling at 1.81 cents per 
kw-hr., a fuel cost of more than 14 cent would be abso- 
luely prohibitive, however, to be on the safe side, we 
will assume such a cost. 

’Mr. Neer predicates a total load of 60,000,000 
308 X 10, or 184,800,000,000 hp-hr., which is equal to 
137,860,800,000 kw-hr. A 2 per cent loss on this, is 
2,757,216,000 which at 14 cent, amounts to $13,786,080 
which is very different from $50,000,000. 

Of course, many private plants have a fuel cost 
chargeable to power, considerably in excess of 14 cent 
per kw-hr., at the same time there are others where, 
owing to the economical use of exhaust steam, the 
charge is a good deal less than this, so 44 cent would 
appear to be a conservative average figure for all 
power. 

There is no doubt that the total loss throughout 
the country, due to faulty transmission, is entirely too 
high, and it is very important that the entire subject 
should be given more consideration; on the other 
hand, there is always more than one point of view, 
and it is fundamental in good engineering that all 
points of view should be given full consideration. 

Unfortunately, owing to the fact that we engi- 
neers are, of necessity, more or less specialists, we too 
often fail to do this. We have a perfectly good case 
from our own standpoint, but we fail to see that it 
may have an entirely different appearance from 
others. 


R. G. DIcKENs. 
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Let us, for instance, look at the question of a 2 
per cent belt slip, from the point of view of a small 
manufacturer, spending $2000 a year, for belt trans- 
mitted power, the rest being direct drive. 

We call upon him and point out that he is losing 
2 per cent through avoidable belt slip. Unfortunately 
for our argument, this only amounts to about 80 cents 
a week, but we are pretty convincing talkers, so he 
decides to call in his shop superintendent and hold a 
conference. 

After we have spent the best part of the morning 
arguing about the matter, the manufacturer suddenly 
wakes up to the fact that we have already spent about 
three months’ savings in talk alone, and haven’t really 
started anything yet, and then, too, if he does get 
things tuned up, who is going to keep up the good 
work, so he decides to let well enough alone, and not 
worry about the 80 cents, and can you blame him? 

In the case of large plants which employ a mainte- 
nance superintendent and crew, the case is different, 
but even there, it costs something, though probably 
the cost is more than justified. 

It is very unfortunate that engineering advice is 
generally of no practical value unless someone is 
ready to spend money on the strength of it. This is 
an important fact to keep in mind, and the real ques- 
tion is, looking at it from all angles, will the invest- 
ment justify itself? Very often the correct answer 
involves many factors which lie outside the realm of 
engineering. 

This is not a plea for carelessness, or inexcusable 
waste, but it is a plea for a realistic approach, for it is 
the absence of a realistic approach which makes so 
many people suspicious of engineering advice, espe- 
cially when they have to pay for it. 

Bloomfield, N. J. JAMES O. G. GIBBONS. 


License Laws 


I HAVE just read the article on ‘‘ Engineers Licenses 
in the February issue of this magazine by Mr. Ruther- 
ford. In order that readers may be informed, I 
would state that the Stationary Engineers License 
Law in Ohio, was passed about 39 yr. ago to protect 
lives and property. Familiar as I am with this law, 
I do not know how any organization or society could 
ereate vacancies which they hope to fill with unem- 
ployed members of their respective organizations or 
societies by sponsoring movements pertaining to edu- 
eating and licensing engineers. 

As for memorizing a few questions and answers to 
obtain an Engineer’s License, this I think would be 
a very foolish way of going about obtaining one. 
These memorized answers would be identical to a 
mechanical man who performs various motions when 
certain words are pronounced and is at an entire loss 
when shifted off the predetermined routine. 

The engineers license should be to the people, as 
a whole, just as the doctors, the dentist, the pharma- 
cist certificate and license. I know any man with the 
least of common sense would not tolerate the un- 
licensed practicing of any of these vital professions. 

I agree that most of the progressive industries do 
pay tuitions in whole or in part for any employee who 
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wishes to benefit the company as well as himself. I 
also know of a superintendent in charge of a large 
steam power plant who will not tolerate a change in 
days off to permit a man to attend school one night 
a week, this being necessary just eight times in three 
months and neither inconveniences nor works a hard- 
ship on any one. 

To quote Mr. Tarquin De Rosa in the February 
issue of this magazine, ‘‘most industrial plants regard 
the power plant as a necessary evil, therefore it is 
usually the last department improved upon or 
modernized.’’ It won’t be long until the inefficiently 
operated steam power plant will be another victim 
of efficiency. 


Fort Thomas, Ky. Water J. Harvey, JR. 


Importance of Pure Cooling 
Water for Power Plants 


WHEN IMPURE water is used for cooling ammonia 
generators of the absorption type such as are com- 
monly used in power plants, a typical example of 
which is illustrated here, there is a possibility of get- 
ting into considerable trouble and expense. Several 
times in this writer’s experience the cooling coils in 
the generator have become completely clogged with 
scale. When that happens the only remedy is to install 
new oils, and that is an extremely costly process be- 
cause bolted and riveted generators have been tried 
and they almost invariably leaked. Alternate heating 
and cooling is ‘‘too much’’ for unwelded vessels to 
endure. Therefore, being welded, that means that one 
of the ends must be cut off either by the torch or 
sawing process, the tubes removed, new ones inserted, 
and then everything put together again. 

When you consider that this involves not only the 
cutting in two and rewelding of the generator, but 
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the removal of insulation, much disassembling of parts, 
and then putting everything together again with the 
replacement of the insulation, you can see why there 
are few repair jobs that are more expensive. 

Clearly, the obvious remedy is to avoid such an 
occurrence by using cooling water that is as pure as 
can be obtained. If your water is not pure, if you 
are using a generator of this type, and if you are not 
treating the water, it will usually pay to consult a 
reliable water treating specialist. 

Newark, N. J. W. F. Scoapnorst. 


Modern Methods of Plant Engineering 


PLANT ENGINEERING today becomes a more com- 
plex problem than ever before, as we try to keep up 
with a fast moving world. The plant engineer is 
generally thought of as a man who keeps the machin- 
ery moving and maintains the plant in general—a 
man who can work 24 hr. a day, during numerous 
emergencies, and be in readiness for day and night 
calls seven days a week from year to year. We still 
have organizations of this type in existence, but they 
are becoming a thing of the past. 

The plant engineer of today should have technical 
training, and a resource of practical knowledge ob- 
tained from experience. He should train men for 
more than one job, so that emergency ealls are not all 
placed on the shoulders of one man. In a modernizing 
program or in the maintenance of plant equipment, 
cost records are essential to the plant engineer. This 
will give him the confidence to show the management 
in a clear, simple manner why improvements should 
be made. Therefore the plant engineer will be con- 
sulted before new equipment is bought, avoiding costly 
mistakes, as each factory or power plant has its own 
peculiar characteristics. 

Sales engineers at times get too enthusiastic about 
their product, trying to fit their particular product 
into a standard form, then the local plant engineer 
should be able to choose, and determine what he needs, 
from different equipment manufactures, who are 
always willing to co-operate with him. He should 
then be able to design and layout the unit as a whole, 
thereby creating facilities that will be efficient and 
practical for their special use. 

The writer has in mind an installation which con- 
sisted of changing a 150-hp. electric motor driven 
paper beater from a chain drive to a V-belt drive. 
This was something quite new at the time the change 
was undertaken, on a job of this size. After a number 
of failures on the first installation the plant en- 
gineer persuaded the management to try his idea of a 
complete new method, using the same equipment, 
which was undertaken and proved to be successful. 
Sometimes an expensive failure is necessary, so that 
the plant engineer can prove his ability. In reality 
the factory and power plant is the proving ground 
where defects in design, that sometimes are not found 
in shop or model tests, show up. 

The success of a plant engineer depends on his 
ability to select and train men who are dependable, 
for various positions in the machine shop and mainte- 


nance crew. In the majority of plants very little if . 


any of the maintenance work will have to be sent 
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out to be done. Good savings in money and plant 
efficiency can be derived from this alone. 

There are jobs, however, which are impractical to 
do; one is rewinding electric motors, which is becom- 
ing a thing of the past in most plants today. When 
a motor must be rewound it can be done cheaper in a 
contract shop, with present high speed multiple type 
winding coil machines, and men trained for the job. 

The following is a brief outline, that has proven 
to be a good formula for low cost electrical mainte- 
nance—periodic checking of motor bearings with feel- 
er gages, cleaning with compressed air and vacuum 
cleaners. The motors under certain conditions should 
be taken apart, cleaned with non-inflammable clean- 
ing fluid and then sprayed with a good grade air dry 
varnish. A well designed motor should be selected, 
with thermal overload protection on all starting 
switches. 

The plant engineer is to a large extent responsible 
for the welfare of the employees. His efforts can do 
much to create a feeling of good will. Their health 
should be guarded by a periodic testing of drinking 
water and a good air conditioning system must be 
maintained. He is on the lookout for good safety 
methods, labor-saving devices, good lighting and 
general cleanliness of the plant. 

The plant engineer must always be alert to new 
developments in equipment and processes. Through 
the co-operation of the management, he should be given 
an opportunity to visit other plants, attend engineer- 
ing meetings and get a broader view on his own prob- 
lems. This does not mean that consulting engineers 
and men that are specialists in their line should not be 
called in when the occasion arises. The savings result- 
ing from hiring professional engineers make their fees 
appear insignificant. The problems solved by the plant 
engineer will be the answer of our success in the future. 

Rockford, Ill. Nets W. Oman. 


Auxiliary Blowoff Tank Eliminates Piping 
Troubles 


WHERE the blowoff lines from a number of boilers 
enter a single discharge header, a number of operating 
and maintenance troubles are often encountered. Per- 
haps the most frequent source of these difficulties is 
the tremendous strain on piping and fittings caused 
by both water hammer and by the intermittent expan- 
sion and contraction, incidental to the sudden release 
of hot, high velocity water when boilers are blown 
down. These forces are often responsible for the 
rupturing of various parts of the system or the break- 
ing away of its anchorage points. 


SUPERHEATER DRAINS ETC. 
BLOWOFF LINES FROM BOILER 
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BLOWOFF TANK 
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Small blowoff tank connected to the header and farthest from the 
: main blowoff tank 


219 





Another common difficulty is the stopping up of 
the blowoff line by suspended material in the blow- 
off water. While this condition is not generally ex- 
perienced with all boilers in service, any dead end 
in the line caused by one or more boilers at its extreme 
end being out of service usually chokes up with mud 
deposited by back wash when active boiler blowdown 
valves are operated. 

In one large boiler installation a small blowoff tank 
connected to the header end farthest away from the 
main blowoff tank by a 114-in. line eliminated most 
of the troubles enumerated above. As shown in the 
sketch, this tank provides a means of relieving any 
back wash that might cause dirt deposits or destruc- 
tive water hammer. 


Roanoke, Va. S. H. CoLEmMan. 


Equipment Shift Boosts Compressor Output 


Driven at 10 per cent overspeed to try to meet 
the plant’s air needs, the two-stage compressor still 
failed to deliver its rated output even though care- 
fully checked and found mechanically in order. Noting 
that the blast from the fan, located at J, and provided 
for drawing air through the fins of the intercooler, was 
uncomfortably hot even before it passed over the cool- 
ing fins of the compressor cylinders, temperature ob- 
servations were made. It was found that the cylinders 
were adding almost no heat to the blast of air. 

To avoid this condition, the intercooler was raised 
vertically from its former position and supported on a 
welded pipe rack at a height which would allow the 
blast of air drawn through it to pass completely above 
the compressor unit. 
compressor, a two-blade airplane type fan was mounted 
on the original fan shaft, and covered with a wire mesh 
guard as safety precaution. Drive for the intercooler 
fan was obtained by mounting a second pulley on the 
blower fan shaft, with V-belt drive to the upper fan. 

Although calculations showed that an increase in 
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Plan of the compressor unit 
showing the old and new 
cooling arrangement. C, 
compressor. L and H, low 
and high pressure cylinder. 
F, new fan location. 8B, 
original intercooler loca- 
tion. I, new intercooler lo- 
cation. J, original inter- 
cooler location 
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To provide cooling air for the’ 


air output of not to exceed seven per cent could be 
expected from the intercooler shift, tests proved that 
the gain was 15 per cent or better. The additional 
gain was ascribed to more effective compression seal by 
the lubricant used at the lower operating temperatures 
obtained with bettered cooling. 


Longview, Tex. ELTON STERRETT. 


Removal of Valve Packing 


SEATLEss bottom blowoff valves frequently become 
obstinate when the time comes for re-packing the 
plug. Obviously, the bottom blow occupies the most 
favorable place on a boiler for the accumulation of 
sludge, scale and solidified boiler compound, and the 
valve is not used often enough to keep the deposits 
moving with the result that the packing rings become 
solidly set in a mineral cement which makes removal 
of the packing a difficult and fussy affair. It is im- 
possible to see the job and work on it at the same 
time which establishes a pick-and-peek situation last- 
ing an hour or two for a job which should take only 
a few minutes. 


QODWOOO 
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PRESSURE FORCES EDGE 


BETWEEN RINGS 


Method of removing packing rings from seatless bottom 
blowoff valves 


A lot of nervous wear and tear can be eliminated 
and much time saved by use of the familiar file- 
seraper. Grind the scraper to a knife edge, as shown 
by the sketch, and then slide it through the barrel 
of the valve until the point can be felt entering the 
joint between two rings. A block of wood or any 
other convenient small object can be used as a fulerum 
to force the points between the rings, and a sharp 
pull on the scraper will flip the ring out of the body 
of the valve in one piece. Repeating the process for 
each ring requires only a few minutes, and the barrel 
is left clean and ready for the insertion of new packing. 

In the sketch a metallic follower is shown on top 
of the packing although this usually comes out easily. 
The same method, however, applies in case it sticks. 
The job can be done entirely by the sense of touch 
and affords no possibility of damaging ‘the valve, 
which can not be said of a hammer and chisel in the 
hands of an exasperated operator. 

Alameda, Cal. P. F, CurisToPHER. 
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Forced Draft 


J. R. DaRNELL suggests that power plant operators 
would do well to gain a thorough knowledge of the 
fundamental principles governing the operation of 
mechanical draft fans, particularly those for forced 
draft with underfeed stokers. 

That is a good idea, it would add to our store of 
knowledge; but operating engineers are so imbued 
with confidence in the designing engineers that, when 
they take charge of an underfeed stoker job, they are 
sure that the boilers can be driven to 200 per cent 
rating if necessity so demands. 

Some years ago a boiler of a set of three was driven 
to find its ultimate capacity. When the test was over 
and the boiler shut down the furnace lining looked 
like molasses had been poured from the top and stuck 
to the walls in uneven layers. The furnace lining had 
to be repaired, but the stoker and draft fan showed 
no sign of weakness after the cruel treatment to this 
fine set of equipment. 

Another forced draft fan was sold 12 yr. ago and 
during the past 12 yr. it has only got such attention as 
oil in its bearings, but no repair to any of its parts. 
The driver and horizontal steam engine naturally 
have demanded its care due to the joints that need 
attention. 

When we consider the ruggedness displayed by 
this type of equipment it is logical to assume that 
the operating engineers can safely depend on the 
designing engineers and devote their mental energy 
to make the fan move the gases over the heating sur- 
face so that when they enter the uptake the tem- 
perature is reduced to a little above that of the steam 
in the boiler, and at the same time keep a CO, percent- 
age of about 14. Then we know that the number of 
pounds of water evaporated per pound of coal has 
reached a desirable goal and all will tip their hats to 
the designing engineers and give them all the glory. 

Philadelphia, Pa. B. HsortH. 


Machine Screws and Bolts 


AT TIMES it may be found that a needed size of 
machine screw or bolt is not conveniently available in 
the correct length. If one of the correct diameter and 
number of threads is on hand, it may be cut to the 
desired length. The following method is suggested: 
Screw a nut on the screw or bolt past the point where 
you wish to cut it. Then clamp the end of the screw 
or bolt in a vise and cut through with a hacksaw, as 
shown at A. Next, smooth and slightly round the end 
on a grinding wheel. Afterwards, smooth up the 


CROSS SECTION 
VIEW OF THIN 
EDGE, FILE 


HACKSAW 
BLADE 


Steps in shortening machine screw 


CHICAGO, MARCH, 1939 


threads at the end by means of a thin edged file as 
shown at B. Then screw the nut off of the screw or 
bolt and screw it on again to determine whether the 
threads are satisfactory. 


Baltimore, Md. THomAs TRAIL. 


Don't Be Afraid to Upset 
Your Power Plant System 


AN EXCEPTIONALLY interesting lesson for power 
plant engineers recently came to this writer’s atten- 
tion regarding a prominent manufacturer of dry ice. 
This dry ice maker, years ago, developed a method 
whereby he obtained ‘‘ perfect balance’’ in the opera- 
tion of his plant. ‘‘Just enough’’ fuel was burned 
to give him the exact amount of carbon dioxide 
needed. This fuel, also, was ‘‘just enough’’ to gen- 
erate the amount of power that was needed and the 
amount of steam required for distilling and remov- 
ing the carbon dioxide out of his stack gases, com- 
pressing it, and in addition for reactivating the 
agent used for purification. He thought his installa- 
tion was the ‘‘last word.’’ 

Years rolled by. His boilers, compressors, and 
other equipment became badly worn and from time 
te time he found it necessary to install new equip- 
ment—and, naturally, he installed equipment that was 
‘‘modern.”’ 

But the initial results were not exactly what he 
wanted. The more efficient boilers generated more 
steam per pound of coal than the old ones did, of 
course, and the compressors compressed more gas per 
horsepower. As a consequence he found that his sys- 
tem was thrown out of balance. The one-horse-shay 
idea with which he started no longer held. His boilers 
were so efficient that there wasn’t enough carbon 
dioxide in the stack gases to supply his needs, and 
his engine was so efficient that it didn’t provide 
enough exhaust steam for the necessary reactivating. 
The only way in which he could get around the ex- 
haust deficiency was to use live steam out of the 
boilers to make up for the exhaust steam that was 
lacking. 

He was in somewhat of a quandary for a while— 
until a chemical concern showed him how his problem 
could be solved by means of a new process which 
they had developed. 


So the new chemical equipment was installed, in 
addition to the new power plant equipment, and now 
the plant is in perfect balance again. And, more 
important, he is now getting much more carbon 
dioxide out of the plant per pound of fuel than he 
obtained before. In round numbers he is now pro- 
dueing 24% lb. of carbon dioxide per pound of fuel 
instead of the 1 lb. of CO, per pound of fuel previously 
produced. And, what is more, only 5 per cent of the 
earbon initially contained in the fuel is lost, which 
means that 95 per cent of the carbon is converted into 
dry ice, which is doing very well indeed. 

The moral is: don’t be afraid to upset your present 
system by installing equipment that is more efficient. 
In the end you will very likely benefit. 


Newark, N. J. N. G. NzEr. 
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New Equipment 





Information that you desire about any equip- 
ment will be gladly furnished without obligation. 
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Strainer 


Tue V. D. Anperson Co., 1935 West 
96th St., Cleveland, Ohio, announces a 
new self-cleaning strainer with stainless 
elements. Body of the strainer is made 
of alloy cast iron suitable for maximum 
steam operating pressures of 250 Ib. and 


a maximum temperature of 450 deg. F. 


The strainer elements are standard equip- 
ment and have an extremely large free 
area. The strainer cleans itself when a 
blow-down valve is used or when pipe 
plug is removed. 


Portable Engine-Cooling 
Units 


Water cooling of 100 to 400 hp. 
engines, which must be occasionally or 
frequently removed to new locations, as 
in oil fields, lumber camps, etc., has been 
successfully and economically accom- 
plished only in recent years. Having 
pioneered in the building of portable 
mechanical-draft units, The Marley Co., 
Kansas City, Kansas, now offers a per- 
fected line of four standard models de- 
signed to meet the many problems of 
this type of service. 

Inside a closed system of copper at- 
mospheric tube sections, soft engine 
jacket water is cooled without exposing 
it to outside air. The tubes are externally 


cooled by any kind of raw water which 
may be most cheaply available to the 
location. Thus the valuable soft water 
is saved for continuous recirculation and 
kept pure, preventing internal scale which 
cracks cylinder heads and often results 
in prolonged costly shut-downs. 

Simple hook-up eliminates costly new 
arrangements and piping at each move. 
One man and a truck with a power 
winch can pick up, transport and unload 
any of the four models. Compact and 
sturdily built for heavy-duty service, 
they withstand rough handling in tran- 
sit and severe use and exposure on the 


ob. 

Draft through the unit is induced by 
a quiet Marley fan so that cooling effi- 
ciency is independent of natural air 
movement. A single power unit drives 
both the fan and the centrifugal pump 
for circulating the raw water. This 
power unit may be an a.c. or d.c. electric 
motor, gas or gasoline engine, any or all 
of which are available with the unit. 
Adaptable mountings permit the swift 
removal of one type of power unit and 
the hook-up of another. 


Double Offset Boxocket 
Wrenches 


Toots that will simplify many nut 
turning jobs in maintenance or produc- 
tion work are the latest design of double 
end Boxocket wrenches manufactured by 
Snap-on Tools Corp., of Kenosha, Wis. 
Each tool gives two different wrench 
openings, and all sizes from x to 1 
in, are included within the range of this 
series. 


Boxocket wrenches provide a maxi- 
mum amount of safety on any nut turn- 
ing operation. The wrench head grips the 
nut on all sides and distributes the pull- 
ing strain evenly around the nut. They 
can be used over long threaded bolts on 
which socket wrenches cannot be used 
or in small clearance spaces above the 


bolt, double broaching of the head per- 
mits their use in close places where 
handle movement is very limited 

The offset head allows the wrench 
to be used over obstructions, also pro- 
vides clearance space for the mechanic’s 
fingers, and the long handles on these 
wrenches provide for plenty of leverage 
for loosening tough nuts or for pulling 
them up extremely tight. 


Floor Patching Material 


Fiexrock Co., 2301 Manning St., Phil- 
adelphia, Pa., announces the improved 
ruggedwear_resurfacer. This product 
has been in existence for 5 yr. and has 
just undergone its second improvement. 
The first improvement was the cellulose 


process which made the product tough 
and simplified the process of application. 
Addition of montmorillonite, which is 
chemically composed of manganese, silica, 
alumina and iron, is the second improve- 
ment. This addition makes it mix easier 
with cement, sand and stone and also 
increases the coverage capacity per pound 
of resurfacer. 


Portable Blower 


DEvELOPED by Cadillac, this new Model 
HP Blower is manufactured by the 
Clements Mfg. Co., 6650 South Narra- 
gansett Ave., Chicago, Ill. It has the 
following features: high and low speed, 


sturdy, sand cast aluminum housing, sin- 
gle cast aluminum pan, statically and 

ynamically balanced, 3-cord heavy duty 
cable for positive grounding and low 
torque on starting from low speed switch. 
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wZFAalve values 


THE EDWARD VALVE & MFG. CO., INC. ¢@ 
EDWARD VALVES KEEP PACE WITH THE NEWS! 


FOR AMERICA’S NEW MERCHANT MARINE, 
FOR THE STREAMLINERS OF THE GREAT 
WEST, FOR SUPER-POWER CENTRAL STA- 
TIONS, HIGH EFFICIENCY INDUSTRIAL BOILER 
HOUSES OR ULTRA-PRODUCTIVE REFINERY 
PROCESSES, EDWARD CAST OR FORGED 
STEEL VALVES KEEP IN STEP WITH THE 
TIMES. SOUND IN FUNCTIONAL DESIGN, 
THEY ARE EASILY ADAPTED TO HARD JOBS. 


One thing all Edward valves have — basic 
fitness for tough service. Edward experience 
in high pressure and high temperature installa- 
tions, accumulated through the years, provides 
a reliable background for steady, continuous 


progress. 


It is Edward engineering policy to 


go places — but without undue risk. 


Ston - (heck » low - 


BH <5,000 hp. LOCO- 


MOTIVE. New 
steam-electric unit, de- 
veloped by General 
Electric and Union Pa- 
cific, for speeds to 
125 mph, uses Edward 
valves. Boiler pres- 
sure 1500 lb at 920 F. 


<PEACE TIME 


HIGH. With contracts 
let for 51 new vessels 
U.. S. Maritime Com- 
mission has _ brought 
shipbuilding activities 
to a peace time record. 
Edward valves are to 
be used on a majority 
of all vessels under 
construction, both motor 
and steam ships. Cut 
shows Edward marine 
valves—gear operated 
stop check, angle stop, 
cast and forged steel. 


< TANKERS USE 


EDWARD 
VALVES. Sensa- 


tional progress in past 
few years in building 


» high efficiency oil 
tankers has _ brought 


important additions to 


= American shipping. 
This motorship uses a 


waste heat boiler. 


EAST 


SEALED BONNET 
COMING? Welded 


joints in pipe lines have 
contributed to the peace 
of mind of boiler house 
operating men. Welding 
applications have gone 
much farther than boiler 
lines. They also are used 
extensively in refinery 
service, in cross country 
pipe lines and even on oil 
well casings. Naturally, 
therefore, operators ask 
why valves still need 
bolted bonnets. Answer is 
that foreign matter gets 
into pipe lines and too 
often causes troubles 
which necessitate the dis- 
assembly of the valves. 
Picture shows an Edward 
1500 Ib globe stop valve 
with Stellited seat and 
disk. The seat is welded 
in place in the body. 
Question is how to keep 
tramp metal out of lines. 


FORGED BLOW-OFFS. For all boiler > 
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pressures over 320 lb—for land service — 
Edward offers forged steel blow-off valves. 
Marine ratings are lower. For long continued 
operation at high pressures, without emergency 
shutdown, the disk type of blow-off valve has 
been found indispensable. Cross sectional 
view shows one of a number of optional 
arrangements of Edward blow-off valves in 
tandem. Seat and disk EValloy or Stellited. 


BIG VALVE» 


FOR TEXAS. | 


Boring mill shown at 
right has 102 in. swing, 
but elbow inlet body 
casting, which is being 
machined, barely 
cleared the frame. This 
is a 12 in. 1500 lb sp 
non-return valve. Body 
and bonnet of nickel- 
chromium -molybdenum 
alloy cast steel. 


SWISS TENSILE > 
MACHINE. Getting 
the correct answer is 
the task of this formid- 
able piece of Edward 
laboratory equipment, 
built to order in Amsler 
works at Schaffhouse. 
Results depend on ex- 
treme accuracy of tem- 
perature control, mea- 
surements of _ strain, 
and expert technique. 


SF 
/ C25; 





EDWARD VALVES 


oF - Non-return ‘ Feed Line ; hKheeden Line ‘ 


Construction and 
Engineering Prints 


FoR CONSTRUCTION purposes, black 
lines on a white background are clearer 
than blueprints, and have the advantage 
that ink changes or additions can be 
readily made on the print. In the Ozalid 
method, positive (black on white) prints 
can be made in one operation; also, by 
making transparent duplicates of draw- 
ings that cannot be altered, changes may 
be made by removing unwanted lines by 
a chemical deletion and _ alterations 
drawn in. In the Ozalid white print 
machine, the white print is made by ex- 
posure to light, same as a blueprint, but 
the positive, black on white, is obtained 


and is developed dry by exposure to dry 
ammonia fumes, no liquids being used 
and no drying needed. Those having 
blueprinting equipment can use that for 
the exposure, and a separate Ozalid de- 
veloper may be purchased. In the au- 
tomatic machine, however, original and 
sensitized sheets are passed under a ro- 
tating glass cylinder, the sensitized sheet 
then going through the developing cham- 
ber and being returned to the operator 
at the front of the machine, dry, with- 
out wrinkling or change in dimensions 
and ready for use. Cut sheets of any 
desired size may be used, requiring no 
after trimming. Sizes are built to take 
sheets from 36 up to 54 in. wide and 
with speeds from 18 up to 50 linear in. 
per min. Units are compact and cost of 
operation has been found by users to be 
low. The equipment and sensitized paper 
is made by Oczalid Corp., 354 Fourth 
Ave., New York, N. Y. 


Automatic Fuel Selector 


Just announced by the Universal 
Motor Co., Oshkosh, Wis., Automatic 
Fuel Selector, composed of three prin- 
cipal parts, a temperature switch, a 
three-way solenoid valve, and a time de- 
lay relay, makes the operation of fuel 
oil electric plants as simple as burning 
gasoline. Owing to the fact that fuel 
oils do not vaporize thoroughly for 
proper combustion except at certain high 
temperatures, it is customary to start 
fuel oil burning engines on gasoline. 
After running on gasoline from 3 to 5 
min, it is then switched over to fuel oil. 
Before stopping the engine, the car- 
buretor fuel line must be cleared of fuel 
oil and primed with gasoline for the next 
start by switching over to gasoline for 
2 or 3 min. before stopping. These oper- 
ations are usually done manually but 
with this Automatic Fuel Selector they 
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can be done automatically and the prob- 
lem of starting and stopping on gasoline 
can be forgotten as far as the operator 
is concerned. 

When the starter button is pressed, 
the motor starts and runs on gasoline 
until the temperature reaches 130 deg. 
F. At this point the contact in the tem- 
perature switch closes and the coil in 
the solenoid valve becomes energized, 
closing the gasoline port and opening the 
fuel oil port to the carburetor. The 


red 
. ‘ 
5 5 


motor then runs on fuel oil. When the 
ignition switch is cut off, the coil in the 
solenoid valve becomes deenergized, 
opening the gasoline port and closing the 
fuel oil port to the mechanism. The time 
delay relay then allows the motor to run 
about one to one and a half minutes, just 
long enough to clear the mechanism of 
fuel oil before it closes, opening the coil 
circuit which stops the motor. The mo- 
tor is then ready and primed with gaso- 
line for the next start. By means of a 
convenient emergency switch, the motor 
can be stopped immediately at any time 
necessary. 


Speed Controller for A.C. 
Motors 


ILLUSTRATED is a Raytheon multi-step 
speed controller for a.c. motors which 
makes it possible to vary the motor speed 
by changing the input voltage. This 
method of speed control permits the 
motor being operated by a thermostat 
or automatic switch because it definitely 
insures that the motor will always re- 
start, regardless of the controller setting. 

typical controller is illustrated, 
showing its principal components, an auto- 
transformer with voltage adjustment 
taps and an oil-filled condenser. There 
are no moving parts and nothing to 
wear out. 


Raytheon speed controllers are cus- 
tom built to exactly suit the motors and, 
therefore, are sold only in quantity. The 
method of mounting is selected to meet 
the customer’s needs, for wall mounting, 
for mounting within a ventilated cabinet, 
or for mounting on the motor itself. Any 
desired method of voltage control can be 
furnished—for example—a movable 
link, as shown, or an enclosed multi- 
position tap switch. Raytheon Mfg. Co., 
Willow St., Waltham, Mass. 


Wire Rope Electric Hoist 


AmMonc the recent developments in 
hoisting equipment is the Speedway, a 
light weight low cost wire rope electric 
hoist, with hoisting capacities ranging 
from 250 to 750 Ib. and hoisting speeds 
15 to 43 f.p.m. The Wright Speedway 
electric hoist standard construction in- 
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cludes fully enclosed ball bearing motor, 
anti-friction bearings, cut alloy steel spur 
gears, multiple disc solenoid brake, push 
button control, preformed hoisting cable 
and many other quality features which 
make it suitable for production service. 
This hoist is made in three types for lug 
suspension, hook suspension or mounted 
on trolley. Wright Manufacturing Divi- 
sion of the American Chain & Cable Co., 
Inc., York, Pa. 


Graphite Lubrication 


Use of colloidal graphite suspended 
in water to provide long life lubrication 
for small mechanical devices, difficult 
to lubricate by conventional methods, was 
discussed on page 86 of the January issue. 
For some services the solution is made 
with oil instead of water and it was 
stated that this was a “disadvantage”. 
Obviously this was meant to be “advan- 
tage” for a graphited surface has the 
ability to hold oil and thus insure the 
maintenance of an oil film under severe 
as well as light service conditions. The 
“apparent disadvantage” of the oil solu- 
tion as used in the original article re- 
ferred to special cases where some form 
of lubrication is necessary but an oily 
surface is undesirable, either in itself or 
because temperature conditions are such 
that the oil will burn off leaving an un- 
desirable residue. 

Another new product has been devel- 
oped by the Acheson Colloids Corp., Port 
Huron, Mich., to take care of these cases. 
For instance, conveyor chains operating 
in high temperature zones, such as in 
baking and enameling ovens. Common 
lubricants cannot be used since they 
would burn off and the solution of the 
problem was found through the devel- 
opment of a new form of colloidal graph- 
ite, so finely divided that it can be sus- 
pended in suitable volatile liquids. The 
liquid, kerosene in this case, merely evap- 
orates, leaving a very thin deposit of fine 
colloidal graphite on the surface. 
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OU may have thought that with your 

particular facilities for conditioning 
boiler feedwater no completely satisfactory 
results could be maintained. That’s why 
we asked you to read about the cases 
described here. 

Nalco engineers specialize in adapting 
the Nalco System to fit your plant rather 
than requiring you to change your plant to 
fit a set method. As a result, you get a real 
solution for your problems at minimum 
cost. A Nalco survey will give you the 
facts. Write for information. NATIONAL 
ALUMINATE CORPORATION, 6224 W. 
66th Place, Chicago, Illinois. 








Uses internal treatment 


P L A N T C prescribed by Nalco labora- 


sure. Boilers run six 
The customer writes 
the results. 


i s 

_ 400 Ibs. operating pre 
st t turbining tubes. 
1 pleased with 


years withou 
“we are very WE 





NALCO SYSTEM 


Inquiries other than domestic, except those from U. S. Possessions, Canada and Mexico, should be addressed to ALFLoc Ltp., Bush 
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A. C. Torque Motor 
Operated Brake 


DESIGNED especially for those appli- 
cations where positive, quick, cushioned 
braking is required for stopping or hold- 
ing a load, a new torque motor operated 
brake for alternating current service on 
elevators, cranes, hoists, and similar in- 
stallations is announced by Cutler-Ham- 
mer, Inc., 295 North 12th St., Milwaukee, 


Wis. 


Operating through a simple anti-fric- 
tion ball jack motor releases the brake. 
When the brake is fully released, the 
torque motor is stalled across the line. 
When the circuit is opened, the heavy, 
helical torque spring sets the brake. A 
slight flywheel action of the rotor pro- 
vides smooth, cushioned braking. Avail- 
able in five sizes, this brake provides 
maximum torque ratings of 160, 400, 800, 
1600 and 3200 Ib. ft. on intermittent duty. 
Continuous duty ratings are slightly 
lower. Available for all commercial 
frequencies and voltages. 


Continuous Blowdown 
Valve 


SEATs and discs having almost dia- 
mond surface hardness are featured in 
a continuous blowdown valve announced 
by The Strong, Carlisle & Hammond Co., 
Cleveland, O. Hardness of the Anum- 
Metl “X” seat and disc available in the 
continuous blowdown valve has_ been 
achieved without sacrificing toughness. 
The Strong Volumetering assembly in- 


creases the accuracy of blowdown con- 
trol as well as lengthening valve life. 
This assembly consists of the valve plus 
a fixed Anum-Metl orifice. After passing 
through the valve, blowdown volume is 
greatly increased and the pressure is 
reduced before it passes through the 
fixed orifice. A pressure gage between 
the valve and orifice allows visual and 
accurate control of blowdown. 
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Expansion Joint 


FostER WHEELER Corp., 165 Broad- 
way, New York., announces an all-weld- 
ed, all-steel, packless expansion joint, 
made in standard pressure series of 50, 
150 and 300 lb. per sq. in. and sizes 
from 2 to 36 in. inclusive. The regular 
construction is good for temperatures to 
750 deg. F. The flexible element in this 


Stainless Steel 
Multi-Disc Bellows. 


joint consists of a stainless steel bellows, 
fabricated under the exclusive “STA- 
NORM” electric welding process. This 
joint is the highly refined type S, in- 
volves no adjustments or lubrication by 
the operator, and is a single welded con- 
struction from end to end. Materials are 
of forged and rolled steel specially 
selected and fabricated for the services 
involved. 


Temperature Regulator 


THE NEw self-contained electric tem- 
perature regulator just announced by the 
Sarco Co., Inc., 183 Madison Ave., New 
York, N. Y., is suitable for tempera- 
tures between -40 deg. F. and +650 deg. 
F. Operation is by single phase alter- 
nating current, 110 or 220 v. 60 cycles. 


Current consumption is less than 50 w. 
and no relays are required. The valve is 
of the throttling type and will adjust it- 
self automatically to any position. be- 
tween wide open and closed. Standard 
valves 4 in. to 2 in. inclusive have bronze 
bodies, stainless steel trimmed and union 
connection. Valves 2% in. to 4 in. are 
iron body, bronze trimmed. 


Diesel Engine 


THe Murruy Diese Co., Lrp., of 
Milwaukee, Wis., announces a new 200- 
hp. Diesel engine, known as ME-650. The 
design of this engine conforms to that of 
the standard Murphy Diesel Model ME, 
Injection is direct into a plain sym- 
metrical combustion chamber. Injector 
and fuel pump are combined in one unit 
which is easily and quickly removed and 
replaced. There are no high pressure 
fuel lines and injectors cannot become 
air bound. 





Four valves are provided for each 
cylinder, assuring maximum breathing 
capacity and rapid scavenging. Should 
the oil pressure drop below a fixed mini- 
mum pressure, the engine automatically 
shuts itself off. Control is through a 
single lever which permits easy and sim- 
ple toggling-in for remote control. Start- 
ing is accomplished by a standard 24 vy. 
starter. 


Synchronized Control for 
Reciprocating Pumps 


For automatic delivery control of 
high pressure reciprocating pumps, a 
synchronized unloading and loading de- 
vice has been developed by Worthington 
Pump and Machinery Corp., Harrison, 
N. J. Suction valve controlled, air actu- 
ated, the new mechanism guarantees a 
quick but gradual decelerating fluid de- 
livery from full flow to zero, and vice- 
versa. In either case the action is the 


same, The time required for fully un- 
loading or loading any type of multiple 
plunger reciprocating pump, horizontal 
or vertical, duplex, triplex or otherwise, 
does not exceed one-half of one revolu- 
tion of the pump. 

It provides positive synchronization of 
action in loading’ and unloading, regard- 
less of the point in the pump revolution 
at which the control functions. The in- 
dividtal cylinders load and unload in 
sequence on the suction stroke, the action 
starting with any cylinder, with conse- 
quent elimination of shock. 
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Neoprene and Metal 
Packing 


DESIGNED to give long, service regard- 
less of the severity of the job which 
must be done, this packing, manufac- 
tured by Rodpak Mfg. Co., San Fran- 
cisco, Cal., employs two metal rings, A, 
(convex on one face and flat on the 
other) as the sealing medium on the 
shaft. For some applications these rings 
are made of a special babbitt metal, 
while for others a metal which will resist 
heat up to 700 deg. F. is employed. 
Between these sets of rings are rings of 
neoprene B which are concave on both 
faces so that they will mate with the 
convex faces of the metal rings. 


Beryllium copper springs, C, are em- 
bedded in the rubber or neoprene rings. 
These springs seat themselves in re- 
cesses provided for them in the metal 
rings and have a twofold purpose. When 
the packing is in use on centrifugal 
units, they prevent it from turning with 
the rod. When the packing is used on 
reciprocating rods, the springs are so 
placed that they exert an inward and 
downward pressure to offset any irregu- 
larity of the rod. The springs also com- 
pensate for low follower heads, up-and- 
down motion or side sway. 

This construction provides a floating 
seal under all conditions. The metal rings 
seal the rod but do not touch the stuf- 
fing box. The neoprene rings seal the 
stuffing box but do not touch the rod. 
As only the metal rings touch the rod, 
the coefficient of friction is very low. 


Paracoil 3-way Swing Valves 


ParAcoilL 3-way swing valves made 
by Davis Engineering Corp., Elizabeth, 
N. J., are an essential and integral part 
of a modern waste heat recovery system 
and accurately regulate the quantity of 
heat to the waste heat boiler to conform 
with the frequent variable load periods. 
Moreover, these valves permit a com- 
plete by-passing of the exhaust gases. 
They are of the swing type with gear 
operating mechanism to permit of an 


easy and quick self locking adjustment 
to suit the requirements of boiler out- 
put. The large internal areas are in 
excess of pipe size so as to assure an 
unrestricted flow of gas. Furthermore, 
these valves close tightly without jam- 
ming or freezing shut. No two outlets 
can be closed simultaneously to cause the 
engine to exhaust against a closed line. 


Explosion Proof Motor 


Tue Louis Attis Co., Milwaukee, 
Wis. have developed a new streamlined 
explosion proof motor which is said to 
incorporate 18 separate and distinct major 


mechanical and electrical improvements. 
This motor, illustrated herewith is de- 
scribed in a new booklet No. 508 E 
which will be sent on request. 


Pump Governor 


NorTHERN EQguIpMENT Co., Erie, Pa., 
announces a new pump governor, the 
Copes Type SL, designed especially for 
service on steam-driven reciprocating 
pumps or on centrifugal pumps driven by 
small steam turbines. It is suited for ex- 
cess pressure’ service in boiler feeding 
where the maximum excess pressure is 
no more than 75 lb. per sq. in. It may 
also be used for constant-pressure serv- 
ice, where the controlled pressure is 
not to exceed 75 lb. It is furnished in 
sizes from 3% to 3 in., in the 250 Ib. and 
300 lb. pressure standards only. 

The actuating element, a 4-ply brass 
sylphon bellows, is protected against 


water hammer or sudden changes in 
pressure by a stabilizer. 

This governor is spring-loaded. The 
spring is carefully selected to have ex- 
actly correct characteristics for the speci- 
fied pressure conditions, so that the pres- 
sure control provided is dependably ac- 
curate. An accurately balanced bevel- 
seating valve piston gives added assur- 
ance of instantaneous response to pres- 
sure variations, so that control is accur- 
ate under all loads. 


Indoor Current 
Transformer 


A NEW INDOOR current transformer 
designed to combine the advantages of 
small size with high accuracy for meter- 
ing on low voltage circuits has been in- 
troduced by General Electric. Desig- 
nated Type JL-1, it is rated 600 v. and 
is offered in three current ratings: 
200/5, 400/5, and 600/5 amp. 


Primary windings of the JL-1 are of 
sufficient size to permit continuous op- 
eration at 150 per cent of rated primary 
current. Primary terminal surfaces are 
silver-plated, and the secondary termi- 
nals are the solderless type, easily op- 
erated with a screw driver. A remov- 
able mounting plate permits mounting 
the transformer on pipe. 


Steam Trap 


STEAM TRAPS of the inverted bucket 
type for pressures up to 900 Ib. per sq. 
in. are now offered by Sarco Co., Inc, 
183 Madison Ave., New York, N. Y. 
These new traps are suitable also for 
superheated steam of any commercial 
temperature. Body and cover are high 
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grade steel forgings of a shape to give 
maximum strength. Special alloy steel 
bolts are used for attaching the cover to 
the body. All interior parts, including 
the bucket, are of stainless steel. A 
special, hardened stainless alloy is used 
for the renewable valve seat and disc. 
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STEAM JET AIR EJECTORS 


Whenever vacuum is a basic requirement of satisfac- 
tory operation—as in power plants and many manu- 
facturing processes—high quality of the steam jet air 
ejectors is essential. Efficient operation, low mainten- 
ance, and maximum availability are reflected directly 
in higher output and lower cost. 

Multi-stage, multi-element air ejectors by Foster 
Wheeler are constructed with surface, or jet, inter and 
after condensers; they are also equipped with isolating 
valves to provide greatest flexibility in operation and 
maintenance. 

High quality in steam jets starts with experience— 
Foster Wheeler is one of the oldest manufacturers in 
the country. Design, materials and fabrication re- 
present the most practical com- 


promise between progressive 


theory and the experience of years 


of operation. 
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News from the Field 


C. Donato Dattas, President of 
Revere Copper & Brass Inc., announced 
the appointment of Louis J. Galbreath as 
Technical Advisor for the New York 
District Sales Div., with headquarters at 
75 East 45th Street, New York city. 

Mr. Galbreath is a Cornell alumnus, 
having received his engineering degree 


in 1917 and during the war, served as - 


ensign in the United States Navy. Prior 
to coming with Revere in 1935, Mr. Gal- 
breath was account executive for Ken- 
yon & Eckhardt, Advertising Agency of 
New York city and up to the time of 
his present appointment headed Revere’s 
Product Development Department. The 
Revere ‘Technical Advisory staff is 
headed, from a technical standpoint, by 
R. A. Wilkins, Vice President and Direc- 
tor of Research, and from the sales 
angle is directed by Chas. A. Macfie, 
Vice President and General Sales 
Manager. 

Rosert W. Lea, who has been presi- 
dent of the West Virginia Coal and Coke 
Co. has been elected a Vice President of 
Johns-Manville Corp. by the Board of 
Directors. Mr. Lea will be in charge of 
finance, and will take over the position 
formerly held by Enders M. Voorhees. 
He resigned as president of the West 
Virginia Coal and Coke Co. January 
18, but will remain on the Board of 
Directors of that company. He will as- 
sume his new duties with Johns-Manville 
Corporation about the end of March. 


Greorce W. Hauck has been made 
manager of the Engineering Sales Sec- 
tion of the Valve and Fitting Department 
of Crane Co. Mr. Hauck has been a 
member of the Crane organization since 
1913. 

Revere Copper & Brass, Inc., an- 
nounces the appointment of Keith C. 
Bowers, formerly of the St. Louis office, 
as its sales representative in Western 
Missouri and Kansas with headquarters 
at 325 Ward Parkway, Kansas City, Mo. 


W. H. Jounson, formerly purchasing 
agent of the Climax Engineering Co., 
Clinton, Iowa, has recently been ap- 
pointed Purchasing Agent of Foote Bros. 
Gear and Machine Corp., Chicago. 


D. W. Haenrine & Co., Inc., announced 
removal of its production facilities to 
new and larger quarters at 2308 S. Win- 
chester in Chicago. Alterations and in- 
stallation of equipment in the two story 
factory building are to be completed 
about February 15. Production facilities 
and control laboratory are to be located 
in the new building while executive 
offices and research laboratories will be 
continued at 3408 Monroe St. in Chicago. 
Recent additions and promotions among 
the company personnel include the ap- 
pointment of Donald C. Suhr, C.E., as 
district manager in the Detroit area; 
R. C. Rohrdanz, B.S., as resident engi- 
neer in Houston, Texas; M. Engolf as 
district manager in Minneapolis, Minn. ; 
A. J. Haar as district manager in New 
York City; Ellis Pardee, B.S. to the 
laboratory staff in Wichita, Kansas, and 
Ralph Beardsley, B.S., and George 
Thompson, B.S., to the Chicago labora- 
tory staff. 


Kentucky Coat Agency, INc, a 
newly organized regional coal marketing 
agency, established its headquarters in 
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Madisonville, Ky., on January 3, and will 
represent the producers of the western 
Kentucky coal field, which marketing or- 
ganization recently was given provisional 
approval by the National Bituminous 
Coal Commission. Herbert C. Moore, 
formerly of the marketing division, Ap- 
palachian Coals, Inc., Cincinnati, O., is 
president of Kentucky Coal Agency, Inc., 
having been elected to that position by 
the board of directors on Dec. 15. Moore 
is the second Appalachian marketing 
man to head an agency similar to Ap- 
palachian Coals, Inc. 


GENERAL CHARLES KELLER has been 
elected a member of the board of di- 
rectors of Public Utility Eng. & Service 
Corp. to fill a vacancy caused by the 
resignation of Henry C. Cummins, re- 
cently elected vice president in charge of 
operation, Northern States Power Co., 
Minneapolis. General Keller, an honor 
graduate of the United States Military 
Academy in the class of 1890, has had a 
distinguished career in the Army and 
other government services. He has been 
identified with Public Utility Eng. & 
Service Corp. and its predecessor com- 
pany since 1923 as an engineer on hydro- 
electric and other engineering projects. 


AmeErIcAN CHAIN & Caste Co., INc., 
announces the appointment of 
Greenwood as District Sales Manager of 
the Chicago territory of the American 
Chain Division, with headquarters at 400 
West Madison Street, Chicago, IIl.,— 
succeeding G. B. Kutz who has been 
transferred to York, Pa., as Assistant 
to the General Manager of Sales, Amer- 
ican Chain Division. R. C. Brenizer has 
been appointed Philadelphia District 
Sales Manager of the American Chain 
Division with headquarters at Second & 
Diamond * Sts., Philadelphia, Pa.,—suc- 
ceeding R. E. Greenwood, transferred to 
Chicago. 


Hewitt Russer Corp., Buffalo, an- 
nounces the promotion of James Mar- 
tin from plant night superintendent to 
the position of assistant factory man- 
ager. His new duties will include the 
co-ordination of production, mechanical 
and technical problems in all factory 
divisions under the direction of E. K. 
Twombly, Vice President and Treas- 
urer, 


J. H. Wittrams & Co. has moved its 
New York office from 75 Spring St. a 
block distant to 225 Lafayette St., corner 
of Spring St. 


NortTHERN EguipMeEnt Co., Erie, Pa., 
has announced the appointment of Harry 
H. Weining as in charge of all research 
projects concerned with the COPES 
System of Boiler Feed Control and al- 
lied equipment. He will report directly 
to V. V. Veenschoten, vice-president and 
chief engineer. Assisting Mr. Weining 
will be Francis W. Bunting and William 
E. Veenschoten. Mr. Weining joined the 
COPES organization in June, 1926, im- 
mediately following his graduation from 
Pennsylvania State College as a Bache- 
lor of Science in Mechanical Engineering. 
Mr. Bunting, a Drexel Institute grad - 
ate, was associated with the RCA-Victor 
organization before joining Northern 
Equipment Company in August, 1935. 
Mr. Veenschoten has been with the com- 
pany since shortly after his graduation 


from Pennsylvania State College in 
937. 


Ro.ier-SmitH Co., New York, N. Y., 
announces the appointment of W. R. 
Swoish as Sales Manager with headquar- 
ters at Bethlehem, Pa. 

THE New York orrice of The Paul 
B. Huyette Co., Inc., has recently added 
to its sales engineers, Charles E. Har- 
rington and Bruce H. Lemmon. These 
men will cover metropolitan New York 
and North Jersey for the company. 

S1x Dreset-electric streamlined trains 
will be placed in service this summer by 
the Southern Railway. They are being 
built by the St. Louis Car Co. and in- 
clude 750 hp. Fairbanks-Morse Diesels 
each and Westinghouse electrical equip- 
ment. Each of the six motive power 
units will include an electric generator 
and two 450 hp. driving motors. 

Durine the week beginning March 
6th, the 1939 Regional Meeting of the 
A. S. T. M. and the A. S. T. M. Com- 
mittee Week will be held at the Desh- 
ler-Wallick Hotel, Columbus, O. There 
will be some 150 meetings of standing 
committees and their subgroups as well 
as symposiums on thermal insulating 
materials and lime. On March 8 there 
will be an Open House at Ohio State 
University, featured by a general dem- 
onstration on Science and Engineering, 
arranged by the Ohio State Chapter of 
Sigma Xi in cooperation with Ohio 
State College of Medicine. 

Wut B. Scaire & Sons Co., Oak- 
mont, Pa., has announced the appoint- 
ment of L. A. Delaney as Mill Super- 
intendent succeeding Charles E. Neu- 
dorfer, who has been appointed. to the 
newly created position of Chief En- 
gineer of the Mill. During the past five 
years Mr. Delaney has been Superin- 
tendent and Material Supervisor of the 
Baldwin-Southwark Corporation, a sub- 
sidiary of the Baldwin Locomotive 
Works. Other changes in the Scaife 
Company personnel include Eugene S. 
Sedlachek, formerly manager of the 
Water Purification Departments as Gen- 
eral Sales Manager of ranges, boilers, 
special tanks, cylinders, domestic water 
softeners and domestic filters. Floyd E. 
Thelen succeeds John M. Green, who 
returns to the home office after serving 
6 yr. as Manager of the Chicago 
Branch. 

PitrspurcH Pirrnc & EourpMeEnt Co,, 
Pittsburgh, Pa., announces the appoint- 
ment of Mr. C. H. Beckwith as district 
manager of their Chicago sales territory. 
After graduation from U. S. Naval 
Academy at Annapolis, Mr. Beckwith 
served in the Navy during the war. For 
the past 19 yr. he has been employed 
by the Crane Co. as a special represen- 
tative. He has had extensive experience 
throughout the United States and in 
Canada and Mexico in the design, appli- 
cation and promiotion of steam specialties. 
Mr. Beckwith will have offices in the 
Peoples Gas Bldg., Chicago, and the 
General Motors Bldg., Detroit. 


New Officers for 
Sullivan Machinery Co. 


FrepertcK W. CoPeLanp has been an- 
nounced as the new President of the 
Sullivan Machinery Co. Mr. Copeland 
has resigned the presidency of the H. 
Channon Co., Chicago, to take over his 
new duties. 

Mr. Copeland was previously con- 
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accepted standard because of their economy in 


operation. 
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nected with the Sullivan Machinery Co., 
having joined the organization in 1913. 
In the 21 yr. which followed, he worked 
successively as apprentice in each plant, 
serviceman in the mines, salesman, ex- 
port manager, vice president and con- 
troller. He has been a director of the 
Company since 1923. In 1934 he left to 
become President of the H. Chan- 
non Co. 

The election of Mr. Copeland to the 
presidency of the Sullivan Machinery 
Co. has additional historical significance 
to the employees and stockholders, as 
his father, the late Frederick K. Cope- 
land, served as President of the Com- 
pany from 1892 to 1928. 

H. T. Walsh, J. W. Haddock, W. R. 
Jarvis and L. T. Noel was the newly 
elected directors of the Company. 


Johns-Manville Corp. 


WrtaM H. Focarty, who has been 
with Johns-Manville 27 yr. in the Com- 
pany’s Chicago office, has been trans- 
ferred from the Chicago district man- 


William H. Fogarty 


agership to the power products depart- 
ment to assistant to the vice president 
of the J-M Sales Corp. but will con- 
tinue to make his headquarters in Chi- 
cago. 


Corydon H. Hall 


Corydon H. Hall, who succeeds Mr. 
Fogarty as district manager, is a son of 
the late Charles C. Hall of Alexandria, 
Ind., inventor of rock wool and gen- 
erally credited with launching the home 
insulation industry in America. 
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Temperature Symposium 
Being Planned 


TEMPERATURE and Its Measurement in 
Science and Industry will be the subject 
of a symposium to be held under the 
auspices of the American Institute of 
Physics, 175 Fifth Ave., New York, 
N. Y., probably next fall, the dates to be 
announced later. Consistent with the 
title, the symposium will broadly cover 
many fields, its primary purposes accord- 
ing to present plans being to coordinate 
the treatment of the subject in the 
sciences and branches of engineering, 
to review principles and bring up to 
date the record of recent work, to accum- 
ulate contributions for a comprehensive 
text to be published as soon as possible 
after the symposium is held, to reveal 
the subject as an important branch of 
physics, and supply schools with the in- 
formation required for the improvement 
of curricula. The Institute confidently 
expects that a stimulating, valuable and 
unified program will be arranged, an aim 
which will require the help of many 
contributors. 

Arrangements are being made by a 
representative steering committee con- 
sisting of the Chairman, C. O. Fairchild, 
Director of Research, C. J. Tagliabue 
Mfg. Co.; Dr. E. F. DuBois, Medical 
Director Russell Sage Institute of Pa- 
thology and Professor of Medicine Cor- 
nell University Medical College; Dr. 
Gustav Egloff, Director of Research, 
Universal Oil Products Co.; Dr. John 
Johnston, Director of Research, U. S. 
Steel Corporation; Dr. Walter G. Whit- 
man, Head, Department of Chemical 


Engineering, —a Institute of 


Technology; and Dr. A. Barton, 
Director, American Institute of Physics. 
Those who are interested in taking 
part in this symposium should communi- 
cate with the Institute at an early date, 
giving information regarding their field 
of work and the subject of the contribu- 
tion they wish to make. Such contribu- 
tions will be coordinated with the sub- 
jects of a group of invited papers, and 
assignments and divisions made. 


Midwest Power Conference 


ARRANGEMENTS are being completed 
for the second annual Midwest Power 
Conference under the auspices of the 
Armour Institute of Technology in co- 
operation with seven middle western uni- 
versities. It will be held April 5-7 in 
Chicago at the Palmer House Hotel. 
Dr. L. E. Grinter, Dean of the Graduate 
division and Director of Civil Engineer- 
ing at Armour Institute is Director of 
the conference. 

The program planned for the confer- 
ence will include some 25 important sub- 
jects discussed by authorities from edu- 
cational and industrial fields. Emphasis 
will be placed on steam, Diesel, electric, 
and hydraulic power. In each of these 
fields, papers will be presented which 
will discuss the best modern practice, 
while other papers. will venture into 
the picture of the future as indicated in 
the investigations of our great research 
laboratories. : 

Of special interest to the conference 
will be a paper on the social significance 
of the development of Diesel power. 
Timely and local in its importance will 
be a discussion of Chicago’s air pollu- 
tion problem by the director of Chicago’s 
air pollution survey. Papers presenting 


various phases. of the controversial sub- 
ject of high pressure-high temperature 
metallurgy are also looked upon with 
special interest. Railway motive power, 
rural electrification, power plant statis- 
tics, and the achievements of research in 
power are but a few of the highly in- 
teresting subjects to be presented and 
discussed. 


William P. Bradbury 


WiuraM P, Brapsury, 53, Vice Pres- 
ident and General Sales Manager of the 
Consolidated Ashcroft Hancock Divi- 
sion of Manning, Maxwell & Moore, Inc., 
Bridgeport, Conn., died of pneumonia 
after a six-day illness, on Saturday, 
January 14. 

Mr. Bradbury joined Manning, Max- 
well & Moore in 1902 as an office boy 
and advanced step by step through vari- 
ous positions in the sales department. 
These assignments took him to every 
part of the United States and some for- 
eign countries. In 1923 he was made 
general sales manager and in 1930 Vice 
President in charge of Sales, the posi- 
tion he held until his death. During the 
past quarter of a century there has 
scarcely been a public utility or any other 
major power plant built in which he has 
not rendered a helpful service. Similarly 
Mr. Bradbury numbered as his friends 
hundreds of distributors and their sales- 
men. “ 


Industrial Gas Activities 


D. W. Reeves 
of the Oklahoma 
Natural Gas Co, 
Tulsa, Okla., is the 
newly appointed 
Chairman of the 
Gas Power Com- 
mittee of the 
American Gas As- 
sociation. One of 
the projects sched- 
uled for completion 
this year is a sales- 
oe : hand- 
100 or the use 

D. W. Reeves of those who sell, 
service, power, or utilize gas-fueled 
internal combustion engines. Mr. C. 
Remschel of the Southern Counties Gas 
Co., Los Angeles, has already outlined 
the content of the book and contributed 
considerable material. 


SAE Endurance 


Sweepstakes 


In a coast to coast World Fair 
hookup the SAE will establish a new 
long distance endurance convention rec- 
ord. The 1939 World Automotive En- 
gineering Congress of the SAE will 
begin at the Hotel Pennsylvania, New 
York City, on May 22 and wind up at 
Hotel Farmont, San Francisco, June 8. 
The program includes four big dinners 
and 90 technical sessions covering every 
professional division of the Society so 
that Diesel Engines will occupy an im- 
portant place in the program. Fifteen 
foreign governments and 30 foreign en- 
gineering societies have been invited to 
participate and many have already ap- 
pointed official delegates. The complete 
western circle tour (excluding meals in 
New York and banquet tickets) will cost 
approximately $360. For those who can- 
not make the complete trip, a circle tour 
as far west as Chicago has been ar- 
ranged and will cost approximately $175. 
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HIS 30-inch Jenkins Iron Valve shown, serves ori main steam line 
at New York’s famous 40 story Equitable Building. 
It isn’t size alone that makes a valve big—but the way it’s made and 
the way it has performed. Chief Engineer Paulsen’s records show that 
maintenance on this Inside Screw Gate has been practically zero, 
since it was installed 25 years ago. 
When you get Jenkins top-quality, at standard prices, there’s no 
reason why your plant can’t have this same iron valve economy. 
Check over the outstanding plus values we've spotted in the diagram 
at right. They are typical of the dollars and cents reasons for buying 
a Jenkins Iron Body Valve every time. 


JENKINS BROS., 80 White St., New York, N.Y.; Bridgeport, Conn.; Boston, Mass.; Atlanta, 
Ga.; Philadelphia, Pa.; Chicago, Ill.; Houston, Texas; Montreal, Canada; London, England 


DIAMOND Joie es ANNIVERSARY 


CHICAGO, MARCH, 1939 


1 Handy-Grip Wheel 
2 Time-Saving Bolts 


3 Liberal Thrust 
Collar 


4 Bronze Wedge- 
Bushing 


5 Long-Life 
Asbestos. Gasket 


6 Extra Strength 
Spindle 


7 Self-Aligning Wedge Guides 
8 Renewable Bronze Seat Rings 
9 Six Convenient Bosses 
10 Iron Exceeds A.S.T.M. Standards 


Guide to Figure Numbers of Jenkins 
Inside Screw Iron Body Gate Valves 


SOLID WEDGE | DOUBLE DISC 


epee SCW. | FLG. | SCW. 


125 Lbs. W.S.P. 325 326 872 
175 Lbs. W.S.P. 251 255 os 
250 Lbs. W.S.P. 203 


FLG. 
873 


— 











A.1.E.E. Nominations 


THE NATIONAL NOMINATING COMMIT- 
TEE of the American Institute of Elec- 
trical Engineers, consisting of members 
from various parts of the country, has 
nominated the following official ticket of 
candidates for the offices becoming va- 
cant August 1, 1939: 

For President: F. Malcolm Farmer, 
Vice-President and Chief Engineer, 
Electrical Testing Laboratories, New 
York, N. Y. 

For Vice-Presidents: (Middle Eastern 
District) C. T. Sinclair, Electrical En- 
gineer, Transmission and Distribution, 
Duquesne Light Company, Pittsburgh, 
Pa. (Southern District) E. E. George, 
Superintendent of System Operation, 
Tennessee Electric Power Company, 
Chattanooga, Tenn. (North Central Dis- 
trict) Albert L. Turner, Chief Engineer, 
Northwestern Bell Telephone Company, 
Omaha, Nebraska. (Pacific District) H. 
W. Hitchcock, Chief Engineer, Southern 
California Telephone Company, Los 
Angeles, Calif. (Canadian District) 
J. M. Thompson, Chief Designing Engi- 
neer, Ferranti Electric, Ltd, Toronto, 
Ont., Canada. 

For Directors: Mark Eldredge, Chief 
Engineer, Memphis Power & Light Com- 
pany, Memphis, Tenn. R. E. Hellmund, 
Chief Engineer, Westinghouse Electric 
& Mfg. Company, East Pittsburgh, Pa. 
Frank J. Meyer, Vice-President in charge 
of Operation, Oklahoma Gas & Electric 
Company, Oklahoma City, Okla. 

For National Treasurer: W. I. 
Slichter, Professor of Electrical Engi- 
neering and Head of Department, 
Columbia University, New York, N. Y. 

These official candidates, together 
with any independent nominees that may 
be proposed later in the manner specified 
by the Constitution and By-laws, will 
be voted upon by the membership at the 
coming election this spring. 


TVA Wins Court Dicision 


On January 30 the United States 
Supreme Court handed down another 
decision on the controversy between the 
Tennessee Valley Authority and 14 util- 
ities that are endeavoring to find their 
exact status in competition with the 
government agency. In the opinion rend- 
ered it was stated that the pith of the 
specific complaint was the TVA’s com- 
petition and that the appellants realized 
that competition between natural persons 
is lawful. “They seek to stigmatize the 
Authority’s present and proposed compe- 
tition as illegal by reliance on their fran- 
chises which they say are property pro- 
tected from injury or destruction by com- 
petition. The vice of the position is 
that neither their charters nor their 
local franchises involve the grant of a 
monopoly or render competition illegal. 

“If the thesis were sound, appellants 
could enjoin a competing corporation or 
agency on the ground that its injurious 
competition is ultra vices, that there is 
a defect in the grant of powers to it, 
or that the means of competition were 
acquired by some violation of the con- 
stitution. 

“The contention is foreclosed by prior 
decisions that the damage consequent on 
competition, otherwise unlawful, is in 
such circumstances damnum absque in- 
juria, and will not support a cause of 
action or right to sue.” 
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For the Engineer's Library 





Any Catalogs that you wish will be gladly 
sent. Write Power Plant Engineering. 





Valves and Piping 


Controlled Valves, an illustrated 27- 
pp. bulletin 214-1 on two widely used 
types of air-operated controlled valves, 
the quick-opening type for open and 
shut control, and the Stabilflo type for 
throttling control. Detailed information 
about these two types of valves is con- 
tained in specification charts, power 
curves, pressure-temperature ratings 
and valve formulas. For engineers who 
must frequently compute valve sizes, 
the company is offering a new pocket- 
size slide rule with scales for liquid, gas 
and steam calculations, direct-reading 
in valve sizes. This 6-in. valve rule, in a 
leather case, will be sent free to en- 
gineers who request it on their business 
—— The Foxboro Co., Foxboro, 

ass. 


Reseater—This bulletin discusses a 
set of tools which restores any valve to 
its full efficiency by tapping a thread 
into the old seat metal and screwing in 
a new renewable seat. The Standard 
Reseater can-be used on any globe 
valve, faucet, radiator valve, concealed 
fitting, ballcock, vacuum trap or flush- 
ometer, barring seat orifices from as 
small as % to as large as 1% in. Stand- 
ard Reseater Corp., 423 W. 126th St., 
New York, N. Y. 


Fittings—A booklet of catalog pro- 
portions entitled ‘““New and Better Fit- 
tings for Small Welded Lines” has just 
been issued to introduce a new product. 
The product and its uses are graphi- 
cally portrayed with photographs and 
drawings. Tables are presented show- 
ing the hydrostatic bursting pressures, 
tensile pull tests and working pressures. 
Numerous drawings provide detailed 
measurements of the fittings. Crane 
ae 836 South Michigan Ave., Chicago, 


Valves—Three new circulars have 
just been released. The Valves In- 
vincible is the title of one describing 
150 1b. WSP bronze gate valves. An- 
other under the title Towers of 
Strength for any line describes 125 Ib. 
WSP bronze gate valves. The third 
circular describes the Duo-Bolt gate 
valves. The Ohio Injector Co., Wads- 
worth, Ohio. 


Stainless Steel Bellows Expansion 
Joint—The Type S stainless steel bel- 
lows, packless expansion joints built in 
50, 150 and 300 and 600 Ib. series in 
standard sizes from 2 to 36 in. are de- 
scribed in a four-page bulletin No. 
X-39-5. Foster heeler Corp., 165 
Broadway, New York, N. Y. 


Electrical Equipment 


Indoor Disconnecting Switch and 
Fuse Mountings—A 32-page Bulletin 
33-B, under this title describes Hook- 
Operated disconnecting switches from 
500 v. to 5000 v., also from 7.5 kv. to 
34.5 kv. Group Operated Switches are 
also described giving operating mecha- 
nisms and specifications. A part of the 
bulletin is devoted to a discussion of 
fuse mounting and accessories. Bulletin 
38-D issued by the same company is 
entitled Bus & Cable Connectors. It has 
168 pages and be a complete discus- 
sion of the subject and general engi- 
neering information. Four pages in 
front of the book are devoted to a pic- 
torial index of the equipment that is 
treated. Delta Star Electric Co., 2400 
Fulton St., Chicago, Ill. 


Motor Application Chart—This chart 
lists 26 different types of motors and 
checks the proper type of motor recom- 
mended for about 50 standard applica- 
tions. It also analyzes the starting, 
maximum and full load torque charac- 
teristics of these motors; speed regula- 
tion; per cent of slip and a wealth of 
other valuable information compiled for 
ready reference. Ask for copy of bul- 
letin No. 515 and address the Advertis- 
ing Department of The Louis Allis Co., 
Milwaukee, Wis. 


Motors—Bulletin 610 is a condensed 
8-page booklet including general in- 
formation on MA Standards and 
Definitions. This booklet includes sug- 
gestions for the proper selection of 
motors, types of drives, various types 
of protected motors and their defini- 
tions; information regarding’ service 
factors, rated loads, torques and other 
important reference information. The 
Louis Allis Co., Milwaukee, Wis. 


Motors—A new simplified motor 
price list and Catalog No. 39 contains 
useful price information and applica- 
tion data‘on motors, generators, motor- 
generator sets, ventilating equipment, 
grinders, etc., with all of the material 
arranged in simplified form for quick 
and easy reference. Diehl Mfg. Co., 
Elizabethport, N. J. 


Rectifiers—A new illustrated leaflet 
No. 2343 covers the small capacity, per- 
manently evacuated, glass bulb rectifier 
units recently put on the market by the 
company. It deals with many advan- 
tages inherent in such equipment for 
use in small traction systems, industrial 
plants with moderate direct current 
power requirements, and large buildings 
affected by d.c. to a.c. changeovers. 
In addition to comparative efficiency 
curves, this eight-page leaflet includes 
typical wiring diagrams. Allis-Chalmers 
Mfg. Co., Milwaukee, Wis. 
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“PRATT & CADY 


c 


“VALVES 


ec ified for these ee ; 


SE riant installations. 


In this way you, too, can make 
certain that the valves are right 
for your service... 


@ The engineer on a newly completed project said: 
“We specified Reading-Pratt & Cady valves through- 
out because we knew that each one recommended by 
the Reading-Pratt & Cady engineers would meet the 
demands to be made of that valve.” 


MORE WHO SPECIFIED R-P. & C. VALVES 


Water Works: Just completed, valves from 
2” to 20”. All valves that were installed 
were specified Reading-Pratt & Cady. 

Municipal Building: A $3,000,000 building 
in course of erection. All valves specified 


Reading-Pratt & Cady. 


Packing House: Now completed. All valves for all 
purposes specified Reading-Pratt & Cady. 


Steam Power Plants: In 1938 more than ever before 
specified Reading-Pratt & Cady valves for high pres- 
sure and high temperature service. 


Chemical and Allied Industries: In 1938, more oil 
companies, textile mills, paper mills specified Read- 
ing-Pratt & Cady valves—many with special alloys 
and trim required to meet their specific needs. 


You, also, will find it worth while to get Reading-Pratt 
& Cady recommendations for your valves. You will 
find them sound. You can depend on them. 


READING-PRATT & CADY DIVISION ¢ BRIDGEPORT, CONNECTICUT 





AMERICAN CHAIN & CABLE COMPANY, Inc. 





AMERICAN CHAIN DIVISION e AMERICAN CABLE DIVISION © ANDREW C. CAMPBELL DIVISION e@ FORD CHAIN BLOCK DIVISION @ HAZARD WIRE ROPE 
DIVISION e HIGHLAND IRON AND STEEL DIVISION @ MANLEY MANUFACTURING DIVISION @ OWEN SILENT SPRING COMPANY, INC. e PAGE\STEEL AND 
WIRE DIVISION @ READING-PRATT & CADY DIVISION @ READING STEEL CASTING DIVISION ¢ WRIGHT MANUFACTURING DIVISION e IN CANADA: BOMINION 
CHAIN COMPANY, LTD. e IN ENGLAND: BRITISH WIRE PRODUCTS, LTD. e THE PARSONS CHAIN COMPANY, LTD. © I Business for Youn Safety 
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Metals 


Welding of Wrought Iron is the 
title of a revised bulletin which was 
first presented early in 1934. Tests 
have since been run by the National 
Weld Test Bureau, Lloyd’s Register 
of Shipping, American Bureau of Ship- 
ping, and the Bureau of Marine In- 
spection and Navigation. In addition 
considerable practical information has 
been obtained from the field. All this 
has been incorporated in the new bul- 
letin. A. M. Byers Co., Pittsburgh, Pa. 


Investigation of Creep and Fracture 
of Lead and Lead Alloys for Cable 
Sheathing, by Herbert F. Moore, Ber- 
nard B. Betty and Curtis W. Dollins is 
the title of a report of an investigation 
conducted by the Engineering Experi- 
ment Station, University of Illinois, in 
cooperation with the Utilities Research 
Commission. The bulletin number is 
102 and the price $1.00 but a limited 
number of copies are available for free 
distribution by the Engineering Experi- 
ment Station. The University of IlIli- 
nois, Urbana, III. 


Digest ef Properties, Carbon and 
Alloy Steel Tubing for High-Tempera- 
ture—High-Pressure Service is the title 
of Technical Bulletin 6-C which is a 
complete revision and enlargement of 
previous editions, now covering the 
general field of high-temperature appli- 
cations. All data are summarized in 
tables, with detailed explanations to 
make them more readily understand- 
able. The Babcock & Wilcox Tube 
Co., Beaver Falls, Pa. 


Feedwater Heater—The Swartwout 
deaerating feedwater heater is illustra- 
ted and described in Bulletin S-18-D 
just issued by The Swartwout Co., 
Cleveland, Ohio. 


Power Transmission 


Gearmotor—A new leaflet 2203-B 
on compact self-contained gearmotor 
speed reducers for efficient low-speed 
operation, presents numerous line draw- 
ings and installation photographs show- 
ing typical gearmotor applications. It 
includes a table of ratings and speeds 
with 1750 r.p.m. motors. Allis-Chalmers 
Mfg. Co., Milwaukee, Wis. 


Geared Drives for Industries—A new 
booklet explaining the uses, adaptations 
and developments of all types of geared 
drives has just been announced. Single, 
double and triple reduction gearmotors; 
single and double reduction speed re- 
ducers; special vertical and right angle 
vertical geared drives; single and double 
reduction heavy duty mill units; hori- 
zontal speed reducers with shafts in 
vertical plane; geared drives for special 
problems and conditions; and open 
gearing are discussed. Westinghouse 
Electric & Mfg. Co., East Pittsburgh, 
Pa. 


Car Pullers, Hoists and Winches is 
the title of an 8-page, two-color catalog 
which gives specifications, dimensions 
and required engineering information 
on how to select power car pullers. 
Stephens-Adamson Mfg. Co., Aurora, 
Ill. 


Speed Reducers — Westinghouse 
Types SH and DH speed reducers, used 
with all prime movers such as.electric 
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motors and gas, oil or Diesel engines, 
and suitable for any application where 
economy of power transmission and 
exact speed reduction are important, are 
extensively described in an illustrated 
booklet, Descriptive Data 3620. West- 
inghouse gearmotors, self-contained 
drives consisting of high speed West- 
inghouse motor and necessary speed 
reducing unit, are illustrated and dis- 
cussed in a booklet, Descriptive Data 
3610. Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 


Fuel Oil 


Motor Fuel Economy of Europe is a 
paper presented by Dr. Gustav Egloff 
at the A.C.S. meeting in Milwaukee, and 
reprinted by the Committee on Motor 
Fuels of the American Petroleum Insti- 
tute, 50 W. 50th Street, New York, 
where copies are available to those in- 
terested. During 1937 Europe satisfied 
18 per cent of its motor fuel require- 
ments with various substitutes including 
alcohol, compressed gas and combustibles 
produced from wood and charcoal. 


Pumps—Rotary displacement pumps 
for handling fuel and crude oils, lubri- 
cating oils and hydraulic oil are de- 
scribed in Catalog L-31. De Laval 
Steam Turbine Co., Trenton, N. J. 


Coal and Ash Handling 
Equipment 


Stokers—A booklet B-2170 describ- 
ing single and multiple retort stokers, 
designed to meet every bituminous coal 
burning requirement in industry, has 
recently been published. Included are 
multiple retort stokers for boilers from 
300 rated b.hp, up, of four types, con- 
tinuous ash discharge stokers with link- 
grate action, clinker-grinder stokers 
with link-grate action, dump grate stok- 
ers with agitator, dump grate stokers; 
and single retort stokers for boilers 
from 100 to 500 rated b.hp., in moving 
or stationary grate types. Westing- 
house Electric & Mfg. Co., East Pitts- 


Coal and Ash Handling Equipment 
—A new bulletin 331, entitled How to 
Handle It With Rex Coal and Ash 
Handling Equipment contains many 
pictures of present Rex coal handling 
installations together with drawings of 
typical uses of Rex power plant equip- 
ment. Chain Belt Co., Milwaukee, Wis. 


Air Compressors 


A Safety Code For Compressed Air 
Machinery and Equipment, sponsored 
by the A.S.M.E., has been completed 
and approved by the A.S.A. The Code 
covers equipment construction, applica- 


tion and installation and has_ been 
developed from the combined experi- 
ence of manufacturer, user, insurance 
and government groups. It covers 9 pp. 
and copies can be obtained for 30 cents 
each from either the American Stand- 
ards Association or the American Soci- 
ety of Mechanical Engineers, both at 
29 West 39th Street, New York city. 
burgh, Pa. 


Air Compressors—New 16-page cat- 
alog describing advanced design air and 
gas compressors known as the Class 
WN-112, illustrates a variety of indus- 


trial installations. This compressor is 
built in sizes from 378 to 1600 cu. ft. 
= min. displacement (60 to 250 hp.) 
or commercial pressures. Copies may be 
had by writing for Bulletin A-18 to 
Sullivan Machinery Co., Michigan City, 
Indiana. 


Public Relations 


Public Relations—A chart showing 
the factors in relations of an organiza- 
tion to Labor, Consumer, Industry, the 
Community and Investors, with analysis 
of the studies to be made recommenda- 
tions to be determined from these 
studies and methods of carrying out 
rcommendations has been compiled by 
Haworth, Powell & Thomas, 30 Rocke- 
feller Plaza, New York city. Topics 
taken up are’ Wages, Benefits Plant 
Condition, Labor Laws, Union Rela- 
tions, Market for the Product, Merchan- 
dising and Promotion, Cultivating Pub- 
lic Good Opinion, Relations with Stock- 
holders. The chart is designed to give 
a better understanding of the essential 
factors in establishing good public rela- 
tions. Copies may be had, without 
charge, by writing to Haworth, Powell 
& Thomas. 


The Importance of Scientific Re- 
search and the part it has played in 
research ‘by the Federal Government 
was emphasized in a report made by 
the Science Committee of the National 
Resources Committee and transmitted 
to Congress by the President during the 
latter part of January. It is the first of 
a series of reports on this field and is 
entitled “Research—A National Re- 
source—Part I.—Relation of the Fed- 
eral Government to Research” and can 
be obtained from the Superintendent of 
Documents, Washington, D. C., for 50 
cents. The report trimmed to 9 by 12 
size and consists of 265 pp. 


Miscellaneous 


Miscellaneous Conversion factors, a — 
scale for converting Fahrenheit to 
Centigrade degrees, temperature cor- 
rections for the Brix scale and -capaci- 
ties of vertical cylindrical tanks are 
included on a new 2 by 8 in. heavy 


celluloid scale which will be sent to | 


engineers upon request to Graver — 
— & Mfg. Co., Inc., East Chicago. 
nd. ; 


The Made-Rite Boiler Tube Plug is 
illustrated and described in a new 12- 
page pocket size booklet just issued 
by Hardie Made-Rite Boiler Tube Plug 
Co., 1245 Madison Ave., New York, N. Y. 


Bench Grinder—Diehl DeLuxe 
Heavy Duty type bench grinder is 
illustrated and described in Bulletin No. 
Ng. Diehl Mfg. Co., Eliabethport, 


Steam Drive Power—A_ turbine 
Westinghouse Type M, in the 100 to 
2000 hp. range, manufactured for every 
type of industry using mechanical and 
electrical power, is described in a new 
booklet, 22 double pages, just released. 
These turbines are for 1000 to 5500 
r.p.m., for steam pressures up to 650 Ib., 
steam temperatures to 750 deg. F., ex- 
haust pressures from 200 Ib., to 29 in. 
Hg. vacuum and extraction pressures to 
200 lb. Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 
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ACCURATE 
PRE-FABRICATION 








12" X 9/! WALL WELDED 
STAINLESS TYPE No. 308 
WITH COLUMBIUM BLOW PIT 
PIPING FOR PAPER MILL 






Whether it’s carbon-moly, plain carbon steel, cast iron or stainless steel 
piping that will best suit your particular piping requirements, you can 
trust its fabrication to Pittsburgh Piping secure in the knowledge that 
we know from actual experience how each particular metal is best 
handled. Because of the peculiar characteristics of stainless steel, a 
separate Alloy Division was formed in 1933 to fabricate stainless piping 
and vessels. Such specialization means better fabrication at lower cost. 


SPEEDY 
ERECTION 


Whether you are contem- 
plating an entirely new 
plant or an addition to your 
present power or process 
piping, you will appreciate 
the ability of experienced 
Pittsburgh Piping field 
SAFETY VALVE MANIFOLD erectors to work on sched- 
FOR FOUR 6'' SAFETY VALVES ule without interfering with 
150% TURBINE EXHAUST LINE Clee eelhcoatiniiene as 


without affecting the oper- 
The accurate pre-fabrication of ation of existing portions of 


large sub-assemblies, under your plant. 
controlled conditions, such as 


hie stoam exhaust piping for a PITTSBURGH PIPING AND EQUIPMENT COMPANY : 


Prominent chemical plant, makes 10 FORTY-THIRD STREET PITTSBURGH, PENNA. 


Possible more efficient design of Branch Offices in Principal Cities 
the piping system and saves 
fabrication and erection time. 
Pittsburgh Piping has adequate 
shop equipment and skilled men 


for precision work of this type. Lis Vy, 4G A , cl 













STOCK AND WHITE WATER 
PIPING IN PAPER MILL 









Power Plant Construction News 


Ala., Mobile—Hollingsworth & 
Whitney Co., 140 Federal Street, Bos- 
ton, Mass., plans power house at new 
pulp and paper mill on waterfront prop- 
erty at Mobile. Electric power equip- 
ment will be installed for mill service. 
Plant will comprise several large pro- 
duction units, estimated to cost approxi- 
mately $5,000,000. Work will be placed 
under way this spring. 

Ark., Hot Springs—Arkansas Power 
& Light Co., Pine Bluff, Ark., has 
plans maturing for new hydroelectric 
power development in vicinity of Blake- 
ley Mountain, near Hot Springs, con- 
sisting of power dam, flood control 
basin, generating station, and trans- 
mission lines for connection with pres- 
ent high-tension system. Project re- 
ported to cost close to $7,500,000. 

Calif., Antioch—State Water Proj- 
ect Authority, Sacramento, Calif., is 
considering construction of a state- 
owned hydroelectric generating station 
in vicinity of Antioch, to tie-in with 
Shasta, Calif., power development of 
Federal Government, known as Cen- 
tral Valley Project. Proposed state 
plant is reported to cost in excess of 
$5,000,000, with transmission lines, 
switching stations and other operating 
facilities. 

Calif., Los Angeles—Coca-Cola Co., 
963 East Fourth Street, plans installa- 
tion of electric power equipment in 
new three-story and basement addition 
to local beverage and bottling plant, 
including improvements in present unit. 
Entire project will cost close to $200,- 
000. Work is scheduled to begin soon. 
W. P. Weisiger is company engineer, 
address noted. 

Conn., Hartford—Pratt & Whitney 
Division, Niles-Bement-Pond Co., Ca- 
pitol Avenue, Hartford, plans installa- 
tion of electric power equipment in new 
machine tool and small tool-manufac- 
turing works at West Hartford, where 
company has a large tract of land. 
Initial unit will total about 700,000 sq. 
ft. of floor space. A power house will 
be built. Entire project estimated to 
cost over $1,700,000 

IIL, Densten--Archer-Dasdale- Mid: 
land Co., 109 South Seventh Street, 
Minneapolis, Minn., linseed oil prod- 
ucts, plans steam power house at new 
soybean processing mill at Decatur, 
where site was recently acquired. Pow- 
er equipment will be installed for mill 
service. Entire project will cost in ex- 
cess of $1,200,000 

Ind., Hammond—Municipal Sani- 
tary District, City Hall, Joseph E. 
Haney, president, plans large pumping 
station in connection with extensions in 
sewage system, and will take bids for 
pumping machinery and auxiliary 
equipment late in spring. Fund of 
about $220,000 has been arranged for 
entire project. Clarence A. Mason, 
City Hall, is city engineer; Charles 
Hurd, Calumet Theater Building, Ham- 
mond, is consulting engineer. 

Ind., Indianapolis—RCA Mfg. Co., 
501 North LaSalle Street, plans instal- 
lation of electric power equipment in 
new one-story addition to radio ap- 
paratus manufacturing plant. Cost re- 
ported over $200,000. Albert Kahn, 
Inc., New Center Building, Detroit, 
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‘Mich., is architect and engineer. 


Main 
office of company is at 411 Fifth Ave- 
nue, New York, N. Y. H. E. LeRoy 
is plant manager at Indianapolis. 

Mich., Marquette— City Council 
plans extensions and improvements in 
municipal hydroelectric power plant, 
including installation of equipment. 
Cost estimated close to $180,000. Hol- 
land, Ackerman & Holland, Ann Arbor, 
Mich., are consulting engineers. 

Iowa, Cedar Rapids—Penick & Ford 
£o First Street and Tenth Avenue, 

W., manufacturer of food products, 
— installation of electric power 
equipment in new three-story and base- 
ment addition to local plant, to be 
equipped for processing service. Entire 
project will cost over $100,000. Main 
offices of company are at 420 Lexing- 
ton Avenue, New York, 

Iowa, Chariton—City Council plans 
early purchase of local power plant of 
Peoples Gas & Power Co., and will 
operate as municipal property in future. 
Extensions and improvements will be 
made in station, including installation 
of additional equipment. Bond issue 
of $98,000 is being arranged for proj- 
ect. John A. Olson, city clerk. N. W. 
Cloud, mayor, is active in program. 

Iowa, Des Moines—Swift & Co., 
Oil Mill Division, Union Stock Yards, 
Chicago, IIl., plans installation of elec- 
tric power equipment in new soybean 
processing mill at Des Moines, where 
site has just been acquired at Delaware 
and East Euclid Avenues. A boiler 
house will be built. Entire project will 
cost close to $300,000. Company engi- 
neering department will be in charge. 
Proposed to begin work soon. 

Kan., Kansas City—Agar Mfg. Cor- 
poration, Thomas Street, Whippany, 
N. J., plans steam power house, 40x60 
ft. at new corrugated box-manufactur- 
ing plant at Kansas City where site 
has been acquired. Electric power 
equipment will be installed for mill 
service. Entire project will cost close 
to $125,000. Proposed to begin work 
soon. 

Kan., Kansas City—Board of Pub- 
lic Utilities Commissioners, City Hall, 
plans large pumping station for water 
system service. Cost close to $500,000 
with pumping machinery and auxiliary 
equipment, including connecting pipe 
lines. Burns & McDonnell Engineer- 
ing Co., 107 West Linwood Boulevard, 
Kansas City, Mo., is consulting engi- 
neer. 

Ky., Frankfort—State Board of 
Education, Frankfort, has plans matur- 
ing and will take bids soon for new 
power plant at local State Industrial 
College. Cost reported over $75,000. 
Leo Oberwarth & Sons, West Second 
Street. Frankfort, are architects. 

Md., Towson—Julien P. Friez & 
Sons, Division of Bendix Aviation Cor- 
poration, 4 North Central Avenue, Bal- 
timore, manufacturers of hydrometric, 
air-conditioning and other weather- 
measuring instruments, plan installa- 
tion of electric power equipment in new 
branch works on Joppa Road, Towson, 
near Baltimore, where tract of 18 acres 
of land has been purchased. Initial 
unit will be 80x400 ft., with wing ex- 
tension, 100x100 ft. Entire project will 
cost about $500,000. 


Mich, Ann poner = -Seeley 
Corporation, Detroit Street, manufac- 
turer of oil pumps, gauges, etc., plans 
installation of electric power equipment 
in new addition to plant. Entire project 
will cost about $100,000. Giffels & 
Vallet Inc., Marquette Building, De- 
troit, Mich.. is architect and engineer. 

Minn., Madison—City Council has 
plans nearing compietion for expan- 
sion and modernization of municipal 
electric power plant, and will take bids 
soon. Work will include installation of 
a new 3500-kw. Diesel engine-generator 
unit and auxiliary equipment. Cost 
about $182,700. Financing has been 
arranged through Federal aid. Perkins 
& McWayne, Paulton Block, Sioux 
Falls, S. D., are consulting engineers. 

Neb., Lincoln—LincaJn Co-opera- 
tive Milk Producers’ Association, First 
National Bank Building, George E. 
Hazer, director, plans installation of 
electric power equipment in new milk- 
processing plant in vicinity of South 
Street, where site has been selected. 
Proposed to build a boiler house. En- 
tire project will cost close to $100,000. 

N. Y., Little Falls—City’ Council 
has tentative plans under consideration 
for new municipal electric power plant. 
Cost estimated close to $150,000. Burns 
& McDonnell Engineering Co., 107 
West Linwood Boulevard, Kansas City, 
Mo., is consulting engineer. 

Ohio, New Philadelphia—City 
Council is projecting plaas for a 
municipal electric light and power 
plant, and will have estimates of cost 
made at early date. — 

Ohio, Toronto—Ohio Edison Co., 
Akron, Ohio, has plans maturing for 
expansion and improvements in steam- 
electric generating station at Toronto, 
including installation of new 35,000- 
kw. turbo-generator unit, boilers and 
auxiliary equipment. Cost reported 
over $1, 750,000, including extensions in 
transmission lines. Proposed to begin 
work in spring. 

Okla., Wagoner—Verdigris River 
Hydro-Electric, Inc., care of Carl 
Matthews, Catoosa, .Okla., head, is 
planning new hydroelectric generating 
plant on the Verdigris River, vicinity 
of Wagoner. Project will include a 
power dam 4000 ft. long and 75 ft. 
high, and generating station with initial 
capacity of about 10,000-kw. A trans- 
mission line will be built. Entire proj- 
ect will cost close’ to $2,000,000. 

Texas, Dallas—Kreohler Mfg. Co.. 
Naperville, Ill, plans installation of 
electric power equipment in new fur- 
niture-manufacturing plant at Dallas. 
where site is being secured. Proposed 
to build a boiler house. Entire project 
will cost over $200,000. Company is 
now operating a branch at 2625 Elm 
Street, Dallas. J. O. Taylor, first noted 
address, is company engineer. 

Wash., Spokane—Washington Wa- 
ter Power Co., has authorized a fund 
of about $1,400,000 for expansion and 
improvements in power plants and sys- 
tem during 1939, including installation 
of additional equipment in hydroelec- 
tric stations, power substations, trans- 
mission and distributing lines. Work 
is scheduled to begin soon. 
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